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INTRODUCTION 
Over the past twenty-five years an extensive cluster chemistry has 
been developed for the rare earth and early transition metal halides 
based on six metal atom octahedra. The first compounds in this group, 
prepared and structurally characterized mainly in the mid- to late-
1960s, were a series of what are now well-known niobium and tantalum 
halide clusters^ ,2 that included K^NbgClj^g,^ Ta^Cl Nb^F^gS and 
NbgClji^.s In each of these compounds the principal building block was 
the M X cluster, a trigonal antiprismatic metal core surrounded by 
twelve halogen atoms that bridged each of the twelve edges of the metal 
core as shown in Figure 1. An additional feature characteristic of the 
clusters was the presence of a set of low energy bonding orbitals 
extending radially from the vertices of the core which were always 
occupied in some manner by another halogen atom.^ It was the presence of 
this set of orbitals and the various ways in which they were occupied 
that accounted for the variety of metal to halogen stoichiometries that 
were observed. A description of the various ways in which these terminal 
or outer positions can be occupied is provided later. 
More recently, a number of phases containing clusters have 
been prepared with the electron-poorer transition elements Zr and Sc, and 
the rare earth metals in binary halide systems.8,9 In many cases, 
these MgXj2 metal halide clusters were condensed into extended metal-
metal bonded arrays by the sharing of metal cluster edges,lO'is presum­
ably because of an insufficient number of metal-metal bonding electrons 
for discrete cluster formation and the large metal to halogen ratios. 
o 
a 
iZéD 
Figure 1. A centered MgX^j-type cluster. Open ellipsoids are X atoms 
and large and small crossed ellipsoids are M and interstitial 
atoms, respectively. The 6 terminal atoms have been 
included for completeness 
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Several discrete cluster phases, primarily for zirconium, were, however, 
also prepared.I'*"17 should be noted, that cluster compounds for these 
electron-poor metals based on MX clusters were also prepared.18-21 
MgXg cluster, like the cluster, is made-up of a trigonal anti-
prismatic metal core, but the eight halogen atoms cap faces of the 
core rather than bridge edges. The outwardly directed bonding orbitals 
seen in the MgX^^ cluster, are also present and occupied in the MgXg 
cluster.7 Recognition of the two cluster types is important in later 
considerations. 
The vast majority of these Sc, Zr and rare earth metal halide clus­
ters were prepared from binary reactions of the metal with the fully 
oxidized metal halide. The yields in most cases were poor and often 
erratic, even after long equilibration periods ranging from weeks to 
months.*22 other cases, most notably Zr^X^^ (X = CI, Br),^^ 
M^gZr^Cl(M^ = Na, K, Cs)^^ and the rare earth metal monohalides,2^-27 
the compounds were prepared in good yields, but only under somewhat 
suspicious conditions, namely, under a Hg atmosphere in the first two 
cases or with a large excess of powdered metal, but not strips, in the 
latter case. Interestingly, the poor yields from binary reactions were 
not universal. Several compounds, ZrX (X = CI, Br),21*28,29 
Sc^Cl^g20 and Gd^Clgi^,19 for example, were prepared regularly and in 
excellent yields. 
Three other common features besides the poor and irregular yields, 
provided additional clues to the real nature of these compounds. First, 
the compounds that were easily prepared in good yield were composed of 
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condensed M^X^-type clusters while nearly all of the compounds prepared 
in poor and irregular yields were composed of either condensed or dis­
crete MgX^g-type clusters. Secondly, the poor yield compounds were all 
clearly electron deficient. The discrete M^X^^-type clusters in Zr^Cl 
and Zr^Clfor example, appeared to have as few as 9- and 12-cluster 
electrons, respectively, in a set of metal-metal bonding orbitals capable 
of containing up to 16-cluster electrons30"32 and that require 14 - 16 in 
the tantalum and niobium halide clusters.33 Although the stability range 
and optimal electrons counts for condensed cluster phases are more diffi­
cult to ascertain, many of these appeared electron deficient as well. 
The structurally similar M MX cluster chains in Sc CI lo and 
4/2 2 6 5 8 
NaMo^OgS»» contained 7- and 13-chain electrons per formula unit, respec­
tively, a puzzling if not disconcerting difference. Finally, the vast 
majority of the crystal structures of the low yield compounds showed 
residual electron density in the interstices of the metal-metal bonded 
arrays. The residuals, often 5-8 electrons per A3, were usually 
attributed to an accumulation of diffraction errors which tend to be most 
prominent at high symmetry positions, or to stacking faults within the 
lattice.15)17 In several cases, the presence of a third, adventitious 
element which occupied the interstices was speculated on,i'*» but 
without substantiating evidence it proved to be no better an explanation 
than stacking faults or diffraction errors. 
The discrete zirconium halide clusters as known five years ago, 
Zr^X^^ (X = CI, Br, I),15.23 CsZrgl^^,!^ Zr^Cl and M^^Zr^Cl^g 
(M^ = Na, K, Cs),23 were typical of the poor yield group described 
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above. (X = Cl, Br) and the related double salts M^gZr^Cl^g 
were prepared in good yields only under hydrogen,23 while the rest were 
only prepared erratically and in poor yields. The electron counts in 
these discrete MgXjg-type clusters ranged from 9 in Zr^Cl^g to 12 in 
ZrgXi2 and M^^Zr^Cl^^, all less than the minimum value of 14 observed 
in the Group V metal halide clusters. Finally, CsZrglj^^ and ZrgCl^^ 
exhibited residual electron density inside the metal cluster in single 
crystal structural studies. 
As a result of the work described in the succeeding sections and 
that of others,35"42 it has become readily apparent over the past five 
years that the characteristic features of the poor yield group of com­
pounds are actually symptomatic of metal clusters that are stabilized by, 
and indeed require, the presence of a third element. Obtained from 
adventitious sources in binary reactions, the third element (Z), typi­
cally a light nonmetal element, stabilized the structure by the formation 
of strong M - Z bonds and by the addition of its valence electrons to the 
cluster bonding orbitals. Occupying the nominal octahedral interstices 
in the metal lattice, the third element is frequently referred to as an 
interstitial atom or element. The parallel between this third inter­
stitial element and the light nonmetal atoms in metals and alloys is 
obvious. In contrast to the rather inconsequential nature normally 
associated with an interstitial, the interstitial atom in a cluster phase 
has a pronounced affect on the metal-metal bonding orbitals in terms of 
their energies, characters and occupations. The affects of the inter­
stitial atom are described in more detail in the section on Bonding. 
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Adventitiously stabilized compounds are by no means new. Classic 
examples from the literature include CaCl^'* and T-Ti^S'^s which 
were later shown to be CaHCl'+7 and TiSC,'t8>'»9 respectively. The 
first wel1-characterized example of a centered octahedral cluster was 
NbgliiHiSO an M^X^-type cluster with a hydrogen atom in the center. It 
also happens to be the only centered MgXg-type cluster known other than 
the related CsNb^I^^H.^i Later, Seaverson and Corbett^z reported the 
first well-established example of a second period element bound within 
the metal-metal bonded array of a metal halide with ZrClO^ (0 i. ^  £ 
0.4), a compound with oxygen atoms occupying tetrahedral holes between 
double-metal layers. Neither Nbgl^^H nor ZrClOj^, however, can be 
rigorously classified as an interstitially stabilized cluster compound 
because the actual binary metal halides Nbgl^^53,54 and ZrCl,2i»28 
can both be prepared. The first well-characterized examples of inter­
stitial ly stabilized early transition and rare earth metal halide com­
pounds were a number of condensed and discrete rare earth metal halide 
clusters centered with isolated carbon atoms or dicarbide units.^5,55-58 
The field has grown rapidly over the past several years and has answered 
many of the questions concerning the previously prepared 'binary' metal 
halides.36,39-41,59 jp addition, an entire class of new inter­
stitial ly stabilized cluster compounds has developed by the purposeful 
addition of potential interstitial elements to cluster forming reactions. 
These new compounds include a host of new structure types which exhibit 
extended chains and sheets of condensed metal clusters, as well as dis­
crete clusters.35>'•0>60 a large variety of interstitial atoms 
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have been incorporated into these structures and include H, second period 
elements from Be to 0,52,59 larger main group elements^^'Gi such as 
Al, Si, P and Ge, some third period transition metals (Mn, Fe, Co, 
Ni),^2s63 and even alkali metals.Also, noteworthy is a large 
body of related organometallic clusters containing interstitial 
atoms.G6-71 
The research presented in the remaining sections details a portion 
of this development of interstitially stabilized cluster compounds, in 
particular, the preparation and characterization of discrete, centered, 
zirconium chloride clusters. The study of a variety M^-Zr-Cl-
interstitial (Z) systems has led not only to a more complete under­
standing of the previously prepared clusters, Zr^X^^ (X = CI, Br),23 the 
related M^^Zr^Cldouble salts^^ and ZrgClwhich are now 
known to be Zr^X^^H, M^^Zr^Cland ZrgCl^^N, respectively, but also 
to an entire family of new centered zirconium chloride clusters based on 
discrete M^X^^-type cluster units. A summary of the structure types and 
connectivities of the compounds prepared is given in Table 1. The 
diversity of this family of compounds which spans thirteen structure 
types, eleven of which are described in succeeding sections, is acces­
sible through the use of various combinations of small interstitial 
atoms, alkali metal cation sizes and numbers, and zirconium to chlorine 
stoichiometries. Six of the structure types observed are new and two 
previously unknown stoichiometries for MgX^g-type clusters, MgX^g and 
MgX^g are represented. It has also been shown that all of the discrete 
8 
Table 1. Structure types and connectivities of the known [ZrgCT^gZjCT^, 
n = 0-6, compounds 
Structure Connectivity Reference 
type 
Zr-jIi^C 15. 36 
K^ZrClj-ZrjClijH [Zr^Cl^jlCI^ 23 
KZr(Cl;,Be this work 
NbjCl,, [NbgCl\C,'-=2,2]C]»-\,2C1»-\,2 6 
T=6"i5 [Ta,Cl\JC,»-%,2 4 
CsNbçCljj 72 
KjZrjClj^B [ZrgC]\JC]^-%,2 this »ork 
KjZr^CljjBe [ZrgCl^glC]''"^,; this work 
Nb^Fis [Nb,F\jF%,2 5 
CSjZrjClijC [Zr^Cl^gjCi^-^/gCl^g this work 
Na^ZrjCljjBe [Zr^Ci^glCl^-^/gCI^ this work 
RbgZrgCl^gB [ZrgCl^gjcl^ this work 
LigZrjCljjH [Zr^cl'ijci^ 73 
9 
zirconium chloride clusters known contain, and in fact require, an 
interstitial atom in the cluster center. 
A basic understanding of cluster structure types, particularly the 
manner in which chlorine atoms are shared between clusters, is necessary 
to appreciate the breadth of the systematic chemistry developed. As 
previously noted, all discrete clusters evidently have a low energy 
bonding orbital radially directed from each metal vertex of the cluster 
which is invariably occupied in some fashion by another chlorine atom. 
The chlorine atom that occupies this outer or terminal site may be: 1) an 
edge-bridging (inner) chlorine atom on another ZrgCl^gZ cluster, 2) an 
additional chlorine atom that serves only to bridge between two adjacent 
clusters, or 3) an extra chlorine atom that is bound only to a single 
metal vertex. These modes of connectivity which can be seen in the 
structures in Figures 2, 11, and 40, respectively, are symbolically 
denoted in order by CI^ \ Cl^~^ and CI^ (i = inner, a = ausser).^ 
Unshared edge-bridging chlorine atoms are denoted by Cl\ Barring 
additional connectivities, the stoichiometries obtained with various 
logical combinations of these connectivities fall in the family of com­
pounds (ZrgCl^gZ)Cl^, where n ranges from 0 to 6. The connectivities 
and respective stoichiometries are delineated in Table 2. In Table 2, 
the numerator of each fraction indicates the number of atoms per cluster 
involved in that particular type of connectivity and the denominator 
indicates the number of clusters each atom is shared between. The sum of 
the numerators on the 'inner' side must equal twelve as there are twelve 
edges to bridge, and the sum on the 'outer' side must equal six because 
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Table 2. Stoichiometry and connectivity of (M 
0 _< n _< 6 
j2)X^n clusters 
Inner X (12) Outer X (6) 
Stoichiometry i 
Connectivity Type 
i-a a-i a-a a 
^6^18 12 1 6 
(12)a 1 (2/2) (4) 
"6*16 12 1 4/2 2 
^6^15 12 1 6/2 
10 ro
 
ro
 
ro
 
ro
 
4/2 
X
 
u>
 (8)3 (4/2) 1 (4/2) (2/2) 
^6^12 6 6/2 1 6/2 
n = 0. 1. 2, 3 
"6<*')i2(*'-')o(X'-')(l2-2n)/2(*''2n-6 n = 3. 5. 6 
^Connectivity has not been observed. 
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there are six metal vertices. All of the zirconium chloride clusters 
prepared fall into this family of compounds except those with the 
KZrgCl^gBe structure which show a more complex connectivity exhibiting 
shared edge-bridging chlorine atoms, Cl^~\ as denoted in Table 1. 
The member has not be identified. 
Means to achieve these different stoichiometries, as well as to 
further enhance the structural variability, are evident from a considera­
tion of the electronic factors involved. The bonding picture for these 
clusters (see Bonding section) clearly shows the valence electrons of the 
interstitial atom can be considered as 'donated' to the cluster bonding 
orbitals. The implication is that a change in the zirconium to chlorine 
ratio or stoichiometry can be compensated for electronically by a corre­
sponding change in the interstitial atom. Hence, Zr^Cl^^Be, Zr^Cl^gB, 
Zr^Cl,,C and Zr^Cl,have different stoichiometries, combinations of 6 14 6 15 
connectivities, and structures and yet all have the same cluster elec­
tronic configuration. Combinations of alkali metal cations and inter­
stitial atoms can also be used to compensate for changes in stoichiometry 
as in the series ZrgCl^^B, CsZr^Cl^^B, K^Zr^Cl^^B, Cs^Zr^Cl^gB and 
RbgZrgCl^gB. Variations in the number of cations and the interstitial 
atom identity while maintaining a single zirconium to chlorine stoi­
chiometry gives yet another example of the diversity possible, as seen in 
Zr CI, N, KZr^Cl C, K^Zr^Cl B and K Zr.Cl Be. This last series, 
6 15 6 15 2 6 15 3 6 15 
although having a single zirconium to chlorine stoichiometry and local 
connectivity, [Zr^Cl^^ZjCl^^^, contains three distinct structural 
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arrangements of Zr^Cl^^Z clusters and one variation thereon. Additional 
variations can often be obtained by changes in cation size. 
The remainder of the text is broken down into a series of sections 
based on zirconium to chlorine stoichiometries. Additional sections on 
bonding, observations, and potential areas for future work are found at 
the end. An interesting body of related work on interstitial derivatives 
of zirconium monochlorides, their synthesis, structure and bonding is 
found elsewhere.GO'74 
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EXPERIMENTAL 
Materials 
Reactor-grade crystal bar zirconium (<500 ppm Hf) was used to 
prepare zirconium powder via the thermal decomposition of ZrHg_^. 
Typically 10 g of cleaned Zr strips were placed in a Mo boat and heated 
to eSO'C under an atmosphere of hydrogen. After cooling to room 
temperature under hydrogen, the hydrogenated strips were pulverized with 
a diamond mortar and pestle in a dry box and passed through a 100-mesh 
sieve. Dehydrogenation was carried out by slowly heating the finely 
ground hydride in a Mo boat under dynamic vacuum from 350-700°C until the 
vacuum system remained below discharge. The slightly sintered metal 
powder was reground in the dry box and sealed under vacuum in Pyrex 
ampules. The lattice parameters of the powdered metal obtained by 
Guinier powder diffraction were within 3a of the reported values for Zr 
metal,indicating fairly low levels of impurities were present. 
ZrCli^ was prepared by the direct reaction of the elements in a 
sealed, two-arm fused silica reaction vessel. One arm, which contained 
high purity liquid chlorine {>99.5%, Matheson), was maintained at -30 to 
-40°C by immersion in a saturated aqueous CaClg/ice bath, while the other 
arm, which contained a slight excess of reactor grade Zr strips, was 
heated with a torch to initiate the reaction. Once ignited, the reaction 
proceeded spontaneously, however, periodic heating with a torch, particu­
larly near the completion of the reaction, was necessary to maintain a 
reasonable rate and prevent blockage of the reaction arm with crude 
ZrCl^. The crude product was purified by three successive vacuum 
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sublimations over Zr metal and through a course-grade Pyrex frit at 
250°C. Samples were stored in sealed glass ampules. 
ZrBr^ was prepared in a similar fashion using reactor-grade Zr 
strips and high purity Br^ (<0.02% Clg, A. D. Mackay). The Br^ was 
maintained slightly above room temperature during the reaction by placing 
the arm in a warm water bath. Multiple sublimations over Zr metal and 
through a frit were used to purify the material. 
Reagent grade alkali metal chlorides, ammonium chloride and CsBr 
were slowly dried and then purified by vacuum sublimation. Most were 
stored in tightly capped vials in the dry box. 
Spectroscopic grade graphite (National Brand, Union Carbide) and 
amorphous boron powder (95%, 325 mesh, Alfa), the latter complements of 
M. Ziebarth, University of Wisconsin, were degassed at 850°C under 
dynamic vacuum prior to use. Higher purity crystalline boron (99.9+%, 
Research Organic/Inorganic) obtained from R. N. Shelton of Ames 
Laboratory was used as received. The crystalline and amorphous boron 
gave products with equivalent lattice parameters, but use of the former 
resulted in significantly lower yields, presumably because of the smaller 
surface area and greater inertness of the crystalline lattice. 
ZrNCl was prepared by passing anhydrous NH^ (99.99%, Matheson) over 
recently sublimed ZrCl^ contained in a Mo boat at eOO^C.^e NaN^ (99%, 
Aldrich Chemical Co.) and NH^^Cl were also used as nitrogen sources. 
Be flakes (Pechiney, France) were used as received. Special care 
should be taken when working with Be metal and its compounds as they are 
highly toxic. 
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ZrH^ g was prepared by the reaction of reactor-grade Zr strips in 
a Mo boat with hydrogen (99.999%, Matheson) at GSO'C, followed by cooling 
under hydrogen to room temperature over a 6-8 hour period. The final 
hydride composition was calculated from the initial weight of the Zr 
metal and the change in pressure of the known volume of hydrogen used in 
the reaction. 
AlClg (Fischer Scientific Co.) was multiply sublimed, generally 4-5 
times, over A1 chunks and through a coarse-grade Pyrex frit under static 
vacuum until white and no residue remained behind. The M^AICI^ salts 
were prepared by fusing stoichiometric amounts of recently sublimed AICI3 
and the appropriate M^Cl in evacuated and sealed Pyrex ampules at 
250-400°C. 
Synthetic Techniques 
The preparation of interstitially stabilized cluster compounds is 
dominated by one overriding concern, namely, the synthesis of cluster 
containing phases with identifiable interstitial elements. Although this 
concern seems rather basic and more a statement related to characteriza­
tion, its importance in the synthetic process cannot be overestimated. 
Identification of the interstitial atom, particularly in cases where it 
is a light nonmetal element such as B, C, N or 0, is based largely on the 
knowledge of what went into a reaction and the relative yield of the 
product rather than on an analysis of the product. Extensive experience 
has shown that nearly all interstitially stabilized cluster compounds can 
be prepared in 90-95% yields when the appropriate interstitial element is 
included in the reaction. It is enlightening to note, that as little as 
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0.1 mg of carbon in a typical reaction can produce an approximately 5% 
yield of what is often a highly crystalline and easily separable cluster 
phase. Almost ten years of zirconium, scandium and rare earth metal 
halide cluster chemistry shows what a little adventitious impurity can 
produce. The importance of minimizing adventitious elements during reac­
tions in these systems is obvious. 
The minimization of adventitious impurities in rare earth and early 
transition metal halide reactions is complicated by two factors. First, 
many of the reactants and products are air- and moisture-sensitive making 
the introduction of unknown quantities of hydrogen and oxygen quite easy. 
Secondly, the reduced halides of these metals, as well as the metals 
themselves, readily attack both Pyrex and fused silica at the elevated 
temperatures necessary for cluster formation (>600°C), thus rendering 
these materials unsuitable as reaction containers. The former problem 
has been overcome by the use of a variety of inert atmosphere and vacuum 
techniques,78 while the latter has been overcome by the use of welded 
tantalum tubing as a reaction container. A review on the use of tantalum 
reaction containers has recently appeared. 
Reactions were run in 4 to 5 cm lengths of 3/8" tantalum tubing 
which had been etched in tantalum cleaning solution (55% conc. HgSOi^, 25% 
conc. HNOg and 20% conc. HF, by volume), rinsed with water and acetone 
and dried prior to the crimping and welding of one end. A second 
cleaning of the tube after the first weld is not recommended. Complete 
removal of the cleaning solution from the crimped end requires an 
extended period of rinsing and soaking in water, and failure to do so 
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results in the formation of a white or black residue, probably containing 
carbon, oxygen and several other elements, on the inside of the tube 
following rinsing with acetone and drying. This residue may account for 
some of the original synthesis of early transition and rare earth metal 
halide clusters containing unknown impurities. 
In a typical reaction, 200 mg of reactants were weighed out in a dry 
box and placed in a tantalum tube which was then crimped and welded shut. 
All transfers and manipulations were carried out under an inert atmos­
phere except for a short transfer of the crimped reaction tube through 
air to the heli-arc welder®° after which the welding chamber was immedi­
ately evacuated. Details of the proportions of reactants used to prepare 
a particular compound are included in the appropriate section in Results. 
Following the final weld, the reaction tube was encased in a fused silica 
jacket and the inside washed with tantalum cleaning solution, thoroughly 
rinsed and dried. Prior to sealing under a hard vacuum (<10~'* torr) the 
jacket was 'flammed out' with a hot gas/oxygen flame to remove traces of 
adsorbed water from the surface of the fused silica.8i'82 The thermal 
conditions and reaction periods used are included in Results. Reactions 
were generally air quenched following the reaction period. 
All reaction tubes were opened in a dry box designed for crystal 
mountingZi which was equipped with a nearly horizontal window and a 
binocular microscope for careful visual examination of the reaction 
products. Single crystals large enough for X-ray diffraction studies 
were mounted with Vaseline jelly in 0.3 - 0.5 mm thin-walled glass 
capillaries inside the dry box. Powder diffraction samples were 
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routinely mounted of all reaction products. Most reaction products were 
sealed in evacuated Pyrex ampules and saved. 
Methods of Characterization 
X-ray powder diffraction 
Guinier powder diffraction was used extensively in the identifica­
tion of reaction products, estimation of their relative yields, and pre­
cise determination of their lattice parameters. Diffraction patterns of 
all reaction products were photographically recorded using an evacuable 
Hagg-Guinier camera equipped with a bent quartz crystal monochromator 
which was adjusted to give nearly clean Cu Ka^ radiation, (x = 1.54056 
A). Samples were mounted between layers of Scotch tapers with a small 
amount of NBS-Si powder (SRM-640) which was used as an internal standard. 
Patterns were read to within ±0.005 mm on an Enraf-Nonius Guinier viewer 
and 20 values calculated using the quadratic equation obtained from a 
least-squares fit of the first six Si line positions with the known 
diffraction angles by the program GUIN.84 Intensities, when necessary, 
were visually estimated. Known patterns were manually indexed and 
lattice parameters calculated using the least-squares program LATT.85 
Calculated patterns of known and proposed structure types were obtained 
with the program POUDER®^ and plotted on the appropriate scale for direct 
comparison with film data with the program PPPLOT.®^ Other patterns were 
obtained from the standard powder diffraction files.88 
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Single crystal X-ray diffraction 
Single crystal X-ray diffraction played an essential role in the 
identification and elucidation of the structural nature and composition 
of many of the cluster compounds prepared. Six new structure types for 
MgXi2-type compounds were determined and several structural variations of 
known structure types were investigated. Without the structural data 
obtained by this method, research would have been limited to the three or 
four known structure types which could be identified by powder diffrac­
tion and then only in a much more qualitative manner. 
All structural studies were carried out using data secured on a 
commercial SYNTEX P2^ or DATEX89 automated four-circle diffractometer. 
Both diffractometers were equipped with graphite single crystal mono-
chromators to provide clean Mo Ka radiation. The DATEX instrument 
employed the interactive software package ALICE,while the SYNTEX 
diffractometer used the commercially available software. 
Prior to data collection, all single crystals were examined by 
oscillation photographs taken on a Weissenberg camera with Cu Ka radia­
tion to verify their singularity and diffraction strength. In cases 
where it was clear how to align the crystal, Weissenberg photographs were 
also taken to obtain information on the lattice symmetry and axial 
lengths. In several cases, Weissenberg photographs were taken after 
completion of the structural determination to verify the absence of a 
superstructure or a lower crystallographic symmetry. 
Details of the individual data collections are contained in each 
section of Results. A standard reflection, monitored every 50-100 
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reflections, showed no signs of decay or instrument instability in any of 
the reported data collections. 
Following data collection, a ^ -scan at intervals of 10° in (() was 
collected on one or more moderately intense reflections near x = ±90° 
for use in the empirical absorption correction program ABSN.^i The 
absorption corrections in most cases were minimal because of the small 
absorption coefficients and nearly uniform crystal dimensions. The data 
were corrected for Lorentz-polarization effects and reduced with the 
program DATRD.92 Reflections were considered observed when IQ 2 3aj 
and FQ > 3ap. Data were averaged in the appropriate space group 
using the program FDATA.93 All calculations were carried out on a VAX 
11/780 computer. 
The majority of compounds studied by single crystal X-ray diffrac­
tion were of unknown structure and composition. The phase problem was 
solved in each of these cases by either Patterson superposition tech-
niques94 or by direct methods using the program MULTAN-80.95 Patterson 
superposition maps were analyzed, in part, using the program ALCAMPS.^e 
The details of the individual structural solutions are outlined in their 
respective sections. 
Structure factor and least-squares calculations were carried out 
with the full matrix program ALLS^? using neutral atomic scattering 
factors with corrections for both the real and imaginary parts of 
anomalous dispersion for elements heavier than neon.98 Secondary 
extinction corrections were made using a previously described method.99 
Anisotropic thermal parameters (Bjj) were defined by the expression 
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T = exp[(-l/4 (B^^h2a*2 + + 2B^2hka*b* + 
2BjghAa*c* + 2B23k£b*c*)] and have units of A"2. The residual 
values R and were defined by R = %||Fo| - |Fc||/|Fo| and R^ 
~ [Iw(|FQ| - |Fc|)2/w|Fo|2]i/2. Weights were initially assumed to 
be equal to ffp"2. A statistical reweighting of the data sorted on the 
basis of I Fobs I overlapping groups of more than 125 independent 
reflections was accomplished with the program OMEGA.1°° The reweighting 
minimizes the dependence of %w(|Fol - |Fc|)2 on Fg^g. Fourier series 
calculations were done with the program FOUR.ioi 
Distances, estimated standard deviations and angles were calculated 
in all cases using lattice parameters obtained from Guinier powder 
diffraction patterns of material from the same reaction as the data 
crystal and a standard distance program. Structural drawings were 
produced with the program ORTEP.ioz 
In all cases it was found possible to vary the isotropic B and the 
occupancy of the interstitial atom simultaneously. Refined occupancies 
and thermal parameters are given for the interstitial atoms in each 
section. 
m solid state NMR 
iH NMR spectra were collected by P. J. Chu using a 5.2 T supercon­
ducting magnet or a 1.3 T iron core solenoid magnet and a home-built 
pulsed NMR spectrometer similar to that described earlier.ios Details of 
the measurements are described elsewhere.The NMR data are presented 
in units of ppm with larger values corresponding to higher fields and 
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more negative values in kHz. All spectra are plotted with field 
increasing to the right. 
Extended-Hockel calculations 
Extended-Huckel calculations were carried out using programs that 
have previously been described.los Atomic orbital energies for zirconium 
were obtained by a linear interpolation of the values for yttriumiOG and 
molybdenum.107 Other atomic energies were contained within the program 
package. A double-zeta expansion was used to describe the radial distri­
bution of the zirconium 4d orbitals, while a single zeta function was 
used for all other atoms. Values used were as tabulated.108 Atomic 
orbital parameters and molecular geometries used in the calculations are 
summarized in Appendix A. 
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RESULTS AND DISCUSSION 
"6*12 
Although the metal cluster phase Zr^Cl^g has been known for some 
time,109)110 questions concerning its actual composition and stability 
as an empty cluster remain. The compound was initially discovered in 
small amounts following ZrCl/ZrCl^ equilibrations near the composition 
ZrCl^.109 The structure deduced by X-ray powder diffraction was iden­
tical to that of 'Zr^I^g', which is now known to actually be Zr^I^^C.SG 
However, consistent preparation of Zr^Cl^g was never achieved, and suffi­
cient quantities for physical property measurements were not obtained. 
More recently, Imoto et al.^^ serendipitously obtained ZrgCl^g, 
Zr^Br^g and the related MjZrClg'ZrgCl(" MgZryClig, M = Na, K, Cs) 
double salts by the thermal decomposition of ZrX (X = CI, Br) in the 
presence of and, where appropriate, MCI near 750°C. Good yields of 
the cluster phases were obtained, but these were contaminated by sizable 
amounts of inseparable ZrH^.^, the other reaction product. Reactions 
with Zr:Cl ratios more appropriate to the composition of the cluster 
phases were not attempted. The greatly improved yields of Zr^Cl^^ 
achieved in the presence of hydrogen and its 0.3% larger lattice parame­
ters compared with those formed in the earlier ZrCl/ZrCl^ equilibra-
tionsiio led to speculation that Zr^Cl^g might exist both as an empty 
cluster and as a hydride, similar to Nb^I^^ and Nb^I^^H.so Solid state 
iH NMR spectra of small samples of the Zr^Cl^^ and Na^ZrClg.ZrgCl^g 
prepared earlier under hydrogen showed only broad Lorentzian-shaped 
resonances (36-41 kHz wide at = 56 MHz) which were attributed to 
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the ZrHg.^ contaminant in these.The binary ZrH^^ showed a 55-kHz-
wide resonance under similar conditions. The broad resonance was in con­
trast to the sharp singlet expected for noninteractive and immobile 
protons, i.e., in a hydrogen-centered cluster. For example, the proton 
NMR spectrum of CsNb.I,,H, a hydrogen-centered niobium cluster, contains 
a single peak 0.6 kHz wide (vq = 35 MHz).si Thus, it was concluded on 
the basis of the NMR evidence that neither Zr^Cl^g nor the MgZr^Cljg 
compounds contained interstitial hydrogen. The greatly improved yields 
in the presence of hydrogen were attributed to kinetic factors and to the 
fact that the disproportionation of ZrCl appeared driven by the formation 
of ZrHg.^. Potential causes for a broad ^H resonance in other than 
ZrHg-x, such as from a possibly paramagnetic cluster, were dismissed as 
was the complex ESR spectrum observed for this 'Zr^Cl^g' sample at room 
temperature.23 
Recent NMR work^ on nuclei in zirconium iodide carbide 
clusters suggests that the breadth of an NMR signal from Zr^Cl^g could be 
associated with the particular structure type. Thus, the spectrum of 
in the diamagnetic Zr^I^gC, isostructural with ZrgCl^g» contains only a 
very broad resonance that extends from about 28 to 480 ppm. The breadth 
of the resonance is in distinct contrast to the well-resolved, ~38-ppm-
wide resonance seen for 13C in the paramagnetic CsZr^I^^C.3®»m The 
factors responsible for the broadening of the i3c resonance in the former 
have not been elucidated. 
The present lack of conclusive physical evidence for the presence of 
hydrogen in ZrgCl^g appears to have stemmed from the poor quality of the 
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samples, as well as the difficulties in detecting small amounts of hydro­
gen. The circumstantial evidence, however, clearly points towards the 
presence of interstitial hydrogen. This suspicion is augmented by a 
great deal of recent experience which indicates that a large number of 
other zirconium and scandium chloride cluster phases can be obtained only 
when an interstitial element Be, B, C... is bound in each cluster so as 
to contribute additional binding and to raise the cluster-based electron 
count into the range of 13 — 16, with 14 electrons being most 
favored.40'59 Three of the four signs associated with the discovery of 
these other interstitially stabilized clusters also point to interstitial 
hydrogen in the Zr CI phases: low and irregular yields, an otherwise 
electron deficient Zr^Cl^g cluster (12 e"), and improved yields upon 
addition of the appropriate interstitial element. The fourth sign, a 
residual electron density in the cluster center in X-ray studies, would 
not be expected for hydrogen, of course. Preparation of good quality 
samples appeared to be the key to unraveling the role of hydrogen in the 
preparation and stability of 
Synthesis 
ZrgClijH was initially prepared as a black, microcrystalline mate­
rial by heating the layered ZrClgiio (SR-MoSg structure) at 710°C in a 
sealed Ta tube under a large excess of hydrogen at one atmosphere. The 
reaction, which was air quenched after seven days, produced Zr CI H in 
an estimated yield of 60-70%. The remainder of the product, a mixture of 
ZrCl^ and attested to the large equilibrium ZrCl^ pressure at 
reaction temperature generated by disproportionation of the product. 
Improved yields and elimination of the initial ZrCl^ preparation 
were obtained by reactions with stoichiometric amounts of Zr powder, 
ZrCl^ and ZrH^ ^ at 700-750°C. The reactions, heated for a period of 
10-14 days, produced Zr^Cl^gH in 70-80% yields. The additional 20-30% of 
the products was a mixture of ZrCl^ and ZrCl with slightly expanded lat­
tice parameters. The controlled amounts of hydrogen used in the reac­
tions were critical in the elimination of ZrH^.^ from the products. 
The use of a ZrCl^ excess equivalent to approximately five atmos­
pheres at 700°C (assuming ideal gas behavior) and a two- to four-fold 
excess of hydrogen pushed yields of Zr^Cl^gH into the 80-90% range. 
Removal of the excess ZrCl^ by sublimation in a static vacuum at 250°C 
left ZrgCligH and a second phase which was tentatively identified as 
ZrClOxHy (0 < X < 0.43, x + y < 1) in a ZrCl-type structure. The 
identification of the latter phase was based on line positions, inten­
sities and lattice parameters determined from X-ray powder diffraction 
patterns. 
A ZrClOy phase is known to form via continuous, random insertion 
of oxygen into tetrahedral metal interstices in 3R-ZrCl, a structure in 
which tightly bound slabs are formed from close-packed homoatomic layers 
sequenced CI—Zr-Zi~-Cl.52 The oxide derivative has subsequently been 
found to take up hydrogen to form ZrClO^Hy presumably by filling 
the remaining tetrahedral sites up to an experimentally determined limit 
of X + y s 1.112 Different structure types are formed for ZrClH under 
similar conditions in the absence of oxygen.ii3 The excess hydrogen used 
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in the Zr^Cl^^H synthesis is presumably partially taken up by both the Ta 
reaction tube and this second oxide phase. 
Two samples of Zr^Cl^gH were initially prepared for NMR measurements 
by the method described above in reactions heated at 700° for a 2 — 3 
week period. Sample A, used for the spectra shown, was obtained from a 
reaction with a Zr:Cl:H stoichiometry of 6:12:4 and a 5 atm equivalent of 
excess ZrCl^. The yield of Zr^Cl^gH was estimated from relative inten­
sities in the Guinier powder diffraction pattern to be on the order of 
90%, although a microscopic examination of the product suggested it might 
be 5 — 10% lower. This assessment excludes the excess ZrCl^ which was 
first sublimed off. The other phase present was identified as ZrClOxHy 
(ZrCl-type structure, a = 3.4854(5), c = 27.04(2) A). 
Sample B was prepared similarly with a Zr:Cl:H ratio of 6:12:1.8 and 
an approximately equivalent amount of excess ZrCl^. The yield of 
ZrgClizH was marginally (~5%) lower than in reaction A, with a slightly 
hydrogen-poorer ZrClO^Hy (ZrCl-type structure) making up the difference. 
The presence of an oxygen-containing phase in both samples is incon­
venient but not particularly surprising considering the air- and 
moisture-sensitive nature of the reactants and their small particle 
sizes. A small oxygen contaminant in any or all of the reactants may be 
at fault. Separation of the two phases is considered nearly impossible 
at the present time. Of particular importance is the recognition that 
the measurements were performed on a two-phase mixture. 
The assignment of ZrClOyHy as the second phase was also con­
sistent with the evidence obtained from a third reaction. Sample C, 
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prepared with a Zr:C1:H ratio of 6:12:1.8 and an ~10 atm equivalent of 
excess ZrCl^, was further hydrogenated at 200°C in Mo boat with 1 atm Hg. 
The small sample size and large hydrogen volume prevented an accurate 
measure of the hydrogen uptake. However, the observed conversion of the 
ZrClO^Hy impurity from the ZrCl- to ZrBr-type structure was consistent 
with previous experimental experience which showed that the ZrBr struc­
ture type is adopted by ZrClO^Hy when x + y s I.112 Unfortunately, 
insufficient data are available to estimate the amount of hydrogen in the 
ZrClOxHy in either sample A or B. 
An attempt to remove the hydrogen from ZrgCljgH by heating the mate­
rial in a sealed Ta tube at 500°C under a high dynamic vacuum for 5 hrs 
resulted in decomposition of the cluster. 
The MgZrClg.ZrgCl^gH (M = Na, K and Cs) double salts23 can be pre­
pared in a fashion similar to ZTgCl^gH by the inclusion of a stoichiomet­
ric amount of the appropriate alkali metal chloride in the reaction. 
Significantly lower autogenous ZrCl^ pressures are encountered over the 
double salts and a two atmosphere equivalent of excess ZrCl^ produces 
about 90% yields. A mixture of ZrClOj^Hy and M^gZrClg make up the 
remainder of the product. In contrast to ZrgCl^j^ where microcrystalline 
materials are obtained, MlgZr^Cl^gH reactions often contain moderately 
sized, well-formed, dark red crystals. 
Both Zr^Cl^gH and the related MgZr^Cl^gH compounds contain 13-elec-
tron clusters. The 14-electron analogues, Zr^Cl^gBe and CSgZr^Cl^gBe, 
were prepared in 95+% yields by the reaction of stoichiometric amounts of 
Zr powder, ZrCl^, Be flakes and, if appropriate, CsCl at 800°C for 14 
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days. Crystal growth of the red-brown compounds was negligible. 
CSgZr^CljgBe was initially prepared in about 50% yield in a reaction 
stoichiometrically loaded to produce CsZrgCl^^Be. Interestingly, the 
potassium double salt K^Zr^Cl^gGe was not obtained. Stoichiometrically 
loaded reactions yielded a mixture of KZrgCl^gBe, discussed in the next 
section, and KgZrClg. Although it has not been attempted, the 
MgZryCligBe (M = Na, K, Rb and Cs) compounds can probably be prepared at 
lower temperatures by the direct reaction of ZrgCl^gBe with MgZrClg in a 
ZrCl^/MCl melt. 
Structural description 
All compounds were identified by Guinier powder diffraction. 
Lattice parameters are compiled in Table 3. The structure of Zr^Cl^gH 
has previously been shown by Guinier powder diffraction to be isostruc­
tural with Zrgl^gC.zS'SG The principal building block of the structure 
is the ZrgClj2 cluster, a trigonal antiprismatic Zr^ core surrounded by 
12 chlorine atoms that bridge each of the 12 metal cluster edges. The 
structure, shown in Figure 2, is composed of a cubic close-packed array 
of these Zr^Cl^^ clusters with the 3 axis of each cluster normal to 
the layer direction. An extensive sharing of the chlorine atoms between 
clusters is necessitated by the stoichiometry and the bonding require­
ments of the cluster. Specifically, the six chlorine atoms around the 
waist, i.e., those bridging metal cluster edges that have a component 
parallel to the 3 axis, serve as more distant terminal chlorine atoms 
to metal vertices on six adjacent clusters, three above and three below. 
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Table 3. Cell 
CSgZr 
parameters (a) and volumes 
yCl^gZ compounds^ 
(A3) of ZrgCl 12^ and 
Compound a c V 
Zr^Cl^^Hb 13.005(1) 8.808(1) 1290.2(3) 
13.0021(6) 8.805(2) 1289.1(3) 
Zr^Cl.^Hd 13.0071(8) 8.808(1) 1290.5(2) 
12.975(1) 8.794(2) 1282.1(4) 
12.9854(7) 8.790(1) 1283.5(2) 
12.983(1) 8.792(2) 1283.4(4) 
ZrgCligBe 13.1608(8) 8.840(1) 1324.6(2) 
ZrgBrijB , 13.633(1) 9.307(1) 1498.0(3) 
Cs,ZrClg.ZrgCli, 9.595(1) 26.186(8) 2089.0(1) 
CSgZrClg'ZrgCljj Be 9.6461(9) 26.404(3) 2125.4(5) 
®An values were obtained from Guinier powder diffraction data. 
^Ref. 4, ZrCl/Hg preparation. 
^ZrCl/Hg preparation by Imoto, pattern read by R. Ziebarth. 
^ZrClg/Hg preparation. 
®Zr, ZrCl^, ZrH^.g preparation. 
^ZrCl/ZrCl^ preparation by Cisar, pattern read by R. Ziebarth. 
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Figure 2. A [110] projection of the rhombohedral structure of Zr^Cl^gH. The c axis runs 
vertically in the plane of the figure, perpendicular to the close packed layers. 
A hydrogen atom occupies the center of each Zr^Cl^^ cluster 
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The connectivity is conveniently formulated as [Zr^Cl^gCl^'^g/glCl^'^g/g, 
where Cl^~^ and Cl^"Veflect the connectivity just described while CI^ 
is not shared. A hydrogen atom presumably is bonded within each ZrgCl^g 
cluster just as a carbon atom is bound in each cluster in ZrgligC. PES, 
dimensional and theoretical evidence indicate the hydrogen in such 
electron-rich environments should be considered hydridic in 
c h a r a c t e r . 1 1 4  
Alternatively, the structure may be viewed as a cubic close-packed 
arrangement of chlorine atoms, i.e., stacked ...ABC....23 The zirconium 
atoms fill one-half of the octahedral sites between chlorine layers and 
congregate to form trigonal antiprismatic clusters around 'vacancies' in 
the chlorine layers. The 'vacancies' are the site of the interstitial 
atom. The packing of the structure creates an empty octahedral site 
surrounded by chlorine atoms above and below each cluster on the 3 
axis. The site is completely occupied in the MyX^gZ compounds, (M = Sc, 
R. E. metal; X = CI, Br, I; Z = B, C, N) by cations,16'40,lis but 
no conclusive evidence for its occupation in any zirconium halide phases 
has been observed. 
The cluster in and KgZr^Cl^gH" 
all show a slight compression along the 3 axis which undoubtedly 
extends to ZrgCl^gH. The compression in the first two cases is probably 
a consequence of the additional bonding of the waist chlorine atoms to 
adjacent clusters, a situation which also occurs in ZrgCl^gH. The 
cluster dimensions in Zr.C1,_H should be very similar to those in 
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K Zr Cl H. The Zr-Zr distances in K Zr_Cl_H are 3.178(1) and 3.224(1) 
2 7 x 0  2 7 1 8  
A, while the Zr-cluster center distance is 2.264(1) A. The latter dis­
tance is significantly longer than the Zr-H distances of 2.08 and 2.10 A 
seen for four-coordinate hydrogen in ZrHg and ZrgBrgH, respectively. 
The structure of the related double salts, MgZr^Cl^gZ,23 is built-up 
of a cubic-close-packed array of ZrgCl^jZ clusters similar to that in 
Zr^Cl^gH. Hexachlorozirconate(2-) anions fill the octahedral sites 
between clusters while potassium cations reside in tetrahedral sites. 
The sharing of inner chlorine atoms as terminal atoms on adjacent cluster 
seen in ZrgCl^gH has been replaced by a sharing of the chlorine atoms in 
the ZrClg2- anion with the clusters as terminal chlorine atoms. 
A description of the structure from the viewpoint of a close-packed 
lattice of chlorine atoms is also appropriate.23 The close-packed 
chlorine layers are sequenced ...ABABCBCAC... in the t direction or 
(chh)^ when described in terms of neighboring chlorine layers. Clusters 
from around 'vacancies' in the c layers. The potassium cations occupy 
one-seventh of the chlorine positions in the h layers while Zr^* cations 
reside in one-seventh of the octahedral holes between h layers. Once 
again the nominal vacancy in the cluster center is occupied by the inter­
stitial atom (Z). 
iH NMR resultsio^ and discussion 
The presence of hydrogen in Zr^Cl12(H) was conclusively established 
by solid state NMR. The spectrum of sample A, collected by P. J. Chu and 
obtained by Fourier transform techniques at two different magnetic fields 
(vq = 220 MHz and 56 MHz), is shown in Figure 3. Two peaks, one 
220 MHz 
56 MHz 
ui 
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Figure 3. The room temperature NMR spectrum of Zr^CligH at 220 and 56 MHz. Only the upfield 
peak (-500 ppm) is associated with Zr^Cl^^H (see text) 
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centered at -5.0 ppm and the other at about 500 ppm with respect to the 
proton resonance in HgOfa), were resolved at both fields. The upfield 
(500 ppm) absorption is a Gaussian-shaped peak with a line width at 220 
MHz of ~7.5 kHz. The low field absorption is a broader peak, about 11.5 
kHz wide, which appears to be a poorly resolved multiplet. The ratio of 
the integrated intensities of the -5 ppm to 500 ppm peaks is 
approximately 2:1. The spectrum of sample B was identical to that of A 
except the peak area ratio (-5 ppm to 500 ppm) was slightly larger than 
2 : 1 .  
The upfield peak, identified from its behavior under a variety of 
experimental conditions, results from a single hydrogen atom centered in 
the Zr^Cl^g cluster. Rapid spinning of the sample inclined at the magic 
angle with respect to the field (MAS) narrowed the upfield resonance 
slightly and did not result in a splitting of the resonance or the forma­
tion of any rotational side bands. The retention of the singlet under 
MAS conditions indicated the resonance was associated with protons having 
a single chemical shift, i.e., a single environment, and not an unre­
solved multiplet.116 The lack of rotational side bands indicated that 
any dipolar coupling between the protons was smaller than ~2 kHz, the 
sample rotational speed, which implied the hydrogen-hydrogen distances in 
the compound were in excess of 3.9 a.ii6>ii7 jhe cluster-center to 
cluster-center distance in ZrgCljgH is about 8.0 A. Application of an 
MREV-8 pulse sequence,!18 a technique used to suppress homonuclear 
dipolar coupling, reduced the upfield peak to the noise level at room 
temperature. This behavior, also observed in is characteristic 
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of systems in which the nucleus of interest is undergoing rapid and 
isotropic motion on a time scale shorter than the sampling time of the 
pulse sequence,120 18 ys in this case. The rapid motion prevents 
coherent averaging of the transient signal in the observation windows. 
The result for Zr-C1,„H is consistent with the structural data for the 
ZrgCl^gH cluster in K^ZryCl^gHZS which shows the cluster cavity is too 
large for optimal Zr-H bonding. As noted earlier, the Zr to cluster-
center distance is 2.264 A, about 0.15 A longer than the Zr-H distances 
observed for four-coordinate hydrogen in ZrHg-* (2.08 A) and ZrgBrgH 
(2.10 A). Rapid motion of the hydrogen atom from one off-center position 
to another, i.e., rattling, within the cluster seem quite reasonable 
under the circumstances. 
The exceptionally large chemical shift provided another strong indi­
cation that the 500 ppm resonance resulted from a hydrogen, atom inside 
the Zr CI cluster. Although a sizable upfield shift would be expected 
for a well-shielded, hydridic proton, the extreme nature of the shift 
suggested that other factors, particularly the paramagnetism of the 
cluster might be important. With a hydrogen atom in the center, the 
Zr.Cl,„ cluster would have 13 cluster-bonding electrons resulting in one 
unpaired spin (see Bonding section for M.O. diagram and electron counting 
scheme). The factor responsible for the large upfield shift was deduced 
from a variable temperature NMR study of the sample between 218 and 298 
K. The study showed the chemical shift of the upfield resonance was 
strongly temperature dependent, moving to higher fields as the tem­
perature decreased. The strong temperature dependence of the chemical 
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shift is characteristic of a coupling between the magnetic moments of a 
proton and an unpaired electron.^21,122 jf the shift had resulted 
solely from the hydridic character of the proton, no temperature 
dependence would have been observed because of the invariance of the 
electron cloud (or wave functions) responsible for the screening with 
respect to temperature. 
By relating the change in the effective magnetic field to the bulk 
Curie law magnetic susceptibility,122 the magnitude of the chemical shift 
associated with the unpaired electron density can be calculated by; 
aH g ng aS(S+l) 
H yT, 3 kT 
where yg is the Bohr magneton, y» the gyromagnetic ratio of the proton 
and a, the hyperfine coupling constant in units of energy. A plot of the 
chemical shift as a function of T"i, shown in Figure 4, yields a line 
with a slope of 2.234 x 10^ ppm-K and an intercept of -241 ppm. If one 
unpaired electron per cluster is assumed, the hyperfine coupling con­
stant, after a conversion to frequency (divide by h), is calculated to be 
28.3 MHz. This value corresponds to a hyperfine field of 10.1 G, a value 
typical of organic radicals and other cases where the unpaired spin 
density on the hydrogen atom is small.^23 The observed hyperfine field 
for a hydrogen atom, a situation where the spin is localized on the atom, 
is 506.8 G.124 The value obtained for Zr.Cl H, therefore, corresponds 
to an unpaired spin density at the hydrogen nucleus of 10.1/506.8 = 0.02. 
The sign reflects an excess of electron density with spin -1/2 at the 
nucleus. The bulk magnetic susceptibility and the number of unpaired 
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Figure 4. The variation of the chemical shift of the upfield peak between 218 and 298 K. The 
linear relationship of the shift with respect to T"! is characteristic of a proton 
coupled to an unpaired electron 
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electrons per cluster cannot be calculated without an independent measure 
of the hyperfine coupling constant or the unpaired electron density at 
the hydrogen nucleus. 
The NMR results indicate that the upfield peak is associated with a 
single hydrogen species which is highly mobile at room temperature, and 
situated near a paramagnetic center. When combined with the structure of 
ZrgCligH, the dimensions of the ZrgCl^g cluster (from K^Zr^Cl^gH), and 
the M.O. calculations which suggest a single unpaired electron would be 
present in a 13-electron cluster, the NMR results provide conclusive 
evidence for the presence of a hydrogen atom within each cluster of 
The low field peak which has largely been neglected in the discus­
sion until now, appears to arise from a small amount of ZrClO^Hy in 
the sample. ZrClO^Hy is a close-packed layered structure sequenced 
Cl-Zr-Zr-Cl with oxygen and hydrogen atoms randomly occupying tetrahedral 
sites between zirconium layers.112 The assignment is based on several 
pieces of experimental evidence. First, the NMR samples were known to 
contain small amounts of a second phase. The second phase was identified 
as ZrClOyHy by X-ray powder diffraction line positions and inten­
sities, and by the behavior of the phase under further hydrogénation 
which showed a transformation from the ZrCl to ZrBr structure type. The 
structural change has previously been shown to occur for ZrClO^Hy as 
X + y approaches unity.112 Secondly, the relative amount of the impurity 
in the sample correlates nicely with the ratio of the integrated peak 
intensities. As the impurity content increases, the ratio of the -5 ppm 
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to 500 ppm areas increases. Finally, additional information extracted 
from the NMR experiments,h-H distances of 2.5 ± 0.2 A and quadrupolar 
coupling between the low field protons and neighboring chlorine nuclei at 
distances of roughly 2.7 A, are consistent with the ZrClO^Hy structure 
and assignment. 
An additional and unexpected result of this study of ZrgCljgH, is 
the presence of two different sets of lattice parameters for the material 
differing by 7-8 A^ per unit cell (Table 3). Samples prepared from 
ZrCl/ZrCl^ mixtures with controlled amounts or adventitious hydrogen show 
the smaller cell, while ZrCl or ZrCl^/H^ preparations always yield 
ZrgCliaH with the larger parameters. The NMR study on the material with 
the smaller cell and the need for hydrogen in the preparation of clusters 
with both cell sizes rules out hydrogen in one cluster and not the other 
as the cause. Rather, the difference appears to be closely linked to the 
degree of reduction of the starting mixture and, therefore, the presence 
or absence of ZrHg.^ in the product. The larger cell is found only in 
equilibrium with ZrHg.^. A reasonable explanation which has previously 
been advanced,23 is that a small fractional occupancy of the isolated 
cation site in Zr^Cl^gH by Zr^* cations is responsible for the larger 
cell material. Complete occupation of the cation site by ions in 
numerous M^X^^Z compoundsi6,40,ii5 -jg well documented and easily 
recognized by powder diffraction intensities of certain reflections. The 
small fractional occupancy suggested for Zr^+xCl^gH would, however, be 
virtually indistinguishable from the stoichiometric compound. The 
consistency of the two sets of lattice parameters within their respective 
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groups may indicate two discrete compositions or simply a failure thus 
far to produce intermediate compositions. Further synthetic work, as 
well as structural studies of both the large and small cell materials may 
be necessary to elucidate the factors responsible. 
The presence of hydrogen in Zr^Cl^gH undoubtedly extends to the 
clusters in M^^^r^Cl^g(H), ZrgBrj2(H)23 and the recently prepared 
LigZrgClig(H).73 The structural studies of both KgZr^Cl^gH and 
LigZreCl^s'^ provide a valuable baseline for analyzing Zr-Zr distances in 
other clusters because the small size of the interstitial hydrogen atom 
does not limit the Zr-Zr interactions. Interestingly, the 3.201 A 
average Zr-Zr distance in K^Zr^Cl^gH is nearly identical the 3.205 A 
average seen in the metal./\]] of the other centered zirconium 
chloride clusters studied by single crystal X-ray diffraction show Zr-Zr 
distances at least 0.01 A longer, except the 15-electron cluster in 
CSg^gZrgCl^gC which has an average Zr-Zr distance of 3.197 A. 
ZrgCliaBe and CSgZryCl^gBe are the first two examples of transition 
metal clusters centered by beryllium atoms. Both are isostructural with 
the analogous hydrides. An increase of 13-14 A^ per cluster is observed 
in both compounds over the corresponding hydrides, a reflection of the 
significantly larger interstitial atom (Table 3). Structural charac­
terization by single crystal X-ray diffraction has not been carried out 
because of the lack of suitably sized crystals. 
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A variety of compounds containing MgX^g-type clusters have been 
k n o w n  f o r  t h e  n i o b i u m  a n d  t a n t a l u m  h a l i d e s  f o r  o v e r  t w e n t y  y e a r s . T h e  
clusters in these compounds are found as isolated units as 
in K^NbgCl^gS or as condensed versions of these units linked 
together by the sharing of chlorine atoms as in Nb^Cl^^G and TagCl^^.^ 
About ten years ago a new structure type containing MgX^g-type clusters, 
Zr^I^g, now known to actually be Zr^I^^C, was reported.14,15,36 ^5 
was the case with the niobium and tantalum halide cluster compounds, 
Zr^I^gC could also be viewed as a condensation product of M^X^^ clusters. 
A further examination of these early transition metal clusters shows that 
all of the structure types and their different stoichiometries are 
created using only two modes of intercluster connectivity or sharing of 
halogen atoms, namely, X^"^ and X^-a. It also becomes quickly 
apparent that another combination of these two modes of connectivity, 
specifically would give the new 
composition MgX^g (Table 2). 
Recent work on centered zirconium halide clustersss has suggested 
that the metal to halogen ratio in these compounds can be controlled to a 
large extent by the choice of the interstitial atom and the number of 
cations present. The observed preference for 14 cluster-bonding elec­
trons in these centered clusters indicated boron should be the element of 
choice as an interstitial atom in the preparation of ZrgCl^gZ. Indeed, 
Zr CI B had already been prepared while attempting the preparation of 6 13 
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ZrgCl^^B, but was obtained only as a powder and was unidentified. Iden­
tification of the compound had to wait for the preparation and single 
crystal diffraction study of KZrgCl^gBe. Interestingly, although the 
correct composition, , was obtained, the expected combination of 
and connectivities is not observed. Rather, two new 
modes of connectivity for isolated MgX^g-type clusters are observed, 
namely, triply shared X^"® atoms and shared X^"^ atoms. 
Synthesis 
KZrgCl^gBe was initially prepared as a few dark red, intergrown 
parallelepipeds in a reaction at 800°C loaded with stoichiometric quan­
tities of reactants to prepare the double salt KgZrClg'ZrgCl^gBe. Both 
the Zr^Cl^gBe cluster and the cesium double salt had previously been 
prepared under comparable conditions. The reaction of stoichiometric 
amounts of Zr powder, ZrCl^, KCl and Be flakes to give KZ^gCl^^Be yields 
the desired material in 85-95% yield after two weeks at 800-850°C. The 
remainder of the product is a mixture of the 13-electron cluster, 
15^®' and the layered compound ZrClO^.^^ The oxygen is believed 
to come from a thin oxide layer on the beryllium metal. KgZrgCl^gBe can 
be prepared in excellent yield (95%) by using stoichiometric amounts of 
reactants. Precise control of the ratios of reactants, particularly with 
respect to potassium, is important in obtaining formation of the desired 
product. 
RbZrgCl^gBe was prepared under conditions similar to those for 
KZrgCljgBe from stoichiometric amounts of Zr powder, ZrCl^, RbCl and Be 
flakes. Yields in excess of 95% are obtained of the dark reddish-brown 
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material. Rb^Zr^Cl^^Be has not been observed. RbZrgCl^gBe was also 
prepared from KZrgCl^gBe by ion exchange in molten RbAlCl^ at 350°C. 
Cation exchange was complete after ten days as estimated by changes in 
Guinier powder diffraction patterns, both in terms of reflection posi­
tions and intensities. The reaction may be complete after shorter time 
periods, but these were not investigated. 
Attempts to prepare the sodium analogue, NaZr^Cl Be, using high 6 13 
temperature reactions and by the immersion of KZrgCl^gBe in molten 
NaAlCl^ at 350°C for nine days were unsuccessful. 
ZrgCljgB, isostructural with KZrgCl^gBe neglecting the cation, was 
prepared as a brown microcrystalline material in 95"'"% yield by the reac­
tion of Zr powder, ZrCl^, and amorphous B powder in stoichiometric quan­
tities at 850°C. Small amounts (<5%) of ZrgCl^^B were often obtained 
also, usually in the form of highly reflective gem.-like crystals. 
Zr^BrigB was prepared under identical conditions to those of the 
chloride in 80-85% yields using ZrBr^ as the oxidizing reagent rather 
than ZrCl^. The remaining 15-20% of the product was Zr^Br^^B which is 
isostructural with and ZrgCl^gH.zs Formation of the 
15-electron cluster, Zr^Br^^B, can be at least partially suppressed by 
the addition of excess ZrBr^ to the reaction. Lattice parameters for the 
known M^ZrgX^gZ compounds are given in Table 4. 
Intercalation reactions of ZrgCl^gB and Zr^Br^gB were carried out in 
liquid NHg distilled from a K/NH^ solution. Distillation of NH^ onto a 
1:1.1 mole ratio of ZrgCl^gB and sodium or potassium metal resulted in 
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Table 4. Unit cell parameters for M^ZrgClj^gBe and Zr^X^^B compounds® 
Compound a b c V 
KZrgCligBe 11.627(2) 12.139(2) 7.472(1) 1054.6(3) 
RbZrgCl^gBe 11.694(1) 12.156(1) 7.4585(6) 1060.2(2) 
*bxKi.xZrsCli,Beb 11.685(1) 12.158(2) 7.4580(9) 1059.5(3) 
ZrgClisB 11.523(2) 12.142(2) 7.4221(9) 1038.4(3) 
ZrgBriaB 12.074(1) 12.6767(8) 7.7343(7) 1183.8(2) 
^Guinier powder diffraction data. Axial lengths are in A, 
volumes in . 
^Prepared by ion exchange, x = 1. 
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decomposition of the cluster compound. Reaction of the alkali metal with 
the host material as evidenced by the decolorization of the NH^ solution 
occurred rapidly on melting of the NH^. Powder diffraction patterns of 
the product showed no changes in line positions or intensities from the 
starting material. M^Cl lines were seen in the diffraction patterns 
following annealing of the samples under vacuum at 150°C for several 
hours. Similarly unencouraging results were obtained with the bromide. 
Cluster oxidation by cation removal from KZrgClj^gBe was attempted 
with Ig in tetrahydrofuran (THF) and acetonitrile. Although the yellow-
brown color associated with Ig in THF had decreased in intensity after 18 
hours, the product showed no change in lattice parameters or relative 
reflection intensities from the starting material. Decomposition of the 
cluster phase is suspected. Decomposition also occurred in CH^CN where 
KZrgCljgBe reacted with the solvent to form a dark blue solution plus 
undissolved material prior to addition. The stability of the cluster 
phase during ion exchange reactions suggests oxidation reactions in 
tetrachloroaluminate melts might be fruitful, but these have not been 
attempted. 
Crystallography 
Single crystal X-ray diffraction data were collected on a small, 
dark-red parallelepiped using monochromatic Mo Ka radiation. The unit 
cell was chosen on the basis of 16 tuned reflections indexed with the 
program BLIND.^26 The predicted orthorhombic cell was confirmed both in 
axial lengths and symmetry by Polaroid axial photographs taken on the 
diffractometer. The axial photographs also revealed the presence of a 
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small satellite crystal with its Z axis oriented colinearly with the 
Î axis of the primarily crystal. The other axes, of course, were not 
aligned. In spite of the potential difficulties associated with the data 
collection and the structural solution of such a crystal, two octants of 
data were collected. An inspection of a subset of symmetry equivalent 
reflections indicated the intensities averaged poorly. A third octant of 
data was subsequently collected to verify that the averaging problems did 
not result from a small monoclinic distortion of the lattice. The third 
octant also averaged poorly with both of the previously collected 
octants. The poor averaging of duplicate data appears to be a reflection 
of the multiple nature of the crystal rather than the consequence of a 
lower space group symmetry. Because of the averaging problems, the 
structure was solved and initially refined using only one octant of data 
(hkz). The structure was subsequently refined using a second octant of 
data with essentially the same results, but with slightly higher R 
values. No significant changes in atom positions were noted. Finally, 
the structure was refined using the entire data set, which was averaged 
with a 10a cutoff. During averaging, 107 observed reflections, presum­
ably those most affected by the presence of the satellite crystal, were 
eliminated. Pertinent crystallographic details of the data collection 
and the refinement of the hk£ octant and of the entire data set are 
listed in Table 5. 
The observed systematic extinctions, Ok&: k + & = 2n and hO&: h + £ 
= 2n, were consistent with the orthorhombic space groups Pnnm and Pnn2. 
The former was chosen on the basis of a Wilson plot which suggested the 
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Table 5. Summary of crystallographic data for Klr^Cl^^Be 
Space Group Pnnm 
Z 2 
a, 11.627(2) 
b 12.139(2) 
c 7.472(1) 
V, A3 1054.6(3) 
Crystal dimen., mm 0.20x0.18x0.12 
Radiation Mo Ka, graphite 
monochromator 
20(max), deg. 55.0 
Scan Mode U) 
Reflections 
octants hk£ hk&, hk£, hk& 
measured refl. 1420 4557 
observed refl. 984 2792 
independent refl. 984 1006 
R(ave), % - 6.3 
cm"i 45.9 45.9 
Transm. coeff. range 0.88 - 1.00 0.87 - 1.00 
Secondary ext. coeff. - 2.1(4) X 10-6 
R, % 4.4 3.9 
R(w), % 6.3 4.6 
^Guinier powder diffraction data. 
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structure was centric and later verified by the successful refinement of 
the structure in the space group. The structure was solved by Patterson 
superposition methods, and the program ALCAMPS^^ was used to facilitate 
map analysis. The similarity of the lattice parameters of KZrgCl^gBe 
with those of Sc^Cl^Z (Z = N, B)40 prompted the choice of two zirconium 
positions from the list of 18 generated by ALCAMPS, which had coordinates 
similar to those for scandium in Sc^ClgZ. The remaining atoms were 
located by successive cycles of least-squares refinements and Fourier map 
calculations. The potassium position was identified by its coordination 
environment which was made up entirely of chlorine atoms at distances 
slightly longer than 3.40 A, the sum of the chlorine and ten-coordinate 
potassium crystal radii.iz? Following isotropic refinement of the struc­
ture, a Fourier map showed a 2-electron peak in the center of the 
zirconium cluster which was included in subsequent calculations as a 
beryllium atom. Anisotropic refinement of the structure converged at R = 
4.7% and = 9.1%. A list of calculated structure factors for the hk& 
octant showed the observed structure factors of four reflections deviated 
positively by more than 6a from the calculated values. These deviations 
were attributed to the multiple nature of the crystal and the reflections 
removed from the data set. The data were reweighted on the basis of 
I Fobs I overlapping divisions. Final residuals were R = 4.4% 
and Rw = 6.3%. The refined potassium and beryllium occupancies, and 
the beryllium thermal parameter converged at 1.01(2), 1.36(12), and 
1.5(5), respectively. 
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Refinement of the structure using the entire data set averaged with 
a 10a cutoff, gave nearly identical results as the one octant refinement. 
Although the lOc cutoff eliminated 107 observed reflections, most inde­
pendent reflections were observed three times leaving at least two for 
averaging. The three octants of data averaged at 6.3%. The refinement 
converged to R = 3.9% and R^ = 4.6% after application of a secondary 
extinction correction, elimination of four reflections with Fg^s 
deviating by more than 6a from Fca]c> and a reweighting of the data 
set in 10 overlapping divisions based on |Fobsl* Each of the four 
reflections eliminated was not observed in at least one of the octants 
measured. Positional parameters from the refinement are identical to 
those of the single octant refinement and have improved standard devia­
tions. The thermal parameters in the direction for all atoms are 
slightly larger than those in the single octant case and for Zrl and Zr2 
deviate by ~5a. 
The three octant refinement presumably provides the best approxima­
tion of the structure, having minimized the effects of the satellite 
crystal by the averaging of symmetry related reflections. Hence, posi­
tional and thermal parameters obtained using the entire data set are 
given in Table 6. Observed and calculated structure factor amplitudes 
for the refinement using the entire data set are given in Appendix B. 
Structure and discussion 
The structure of KZrgCligBe is built-up of linear chains of 
ZrgCligBe clusters sharing trans, inner chlorine atoms. The linear 
cluster chains are connected together into a three-dimensional network by 
Table 6. Positional and thermal parameters for KZrgCl^gBe 
Atom X y z 
Zrl 0.37475(8) 0.35010(7) 0 1.25(4) 
Zr2 0.61259(5) 0.41346(5) 0.7828(1) 1.12(3) 
Cll 0 0 0 2.0(1) 
C12 0.2312(2) 0.1736(2) 0 1.96(9) 
C13 0.7430(2) 0.3167(2) 0 1.62(9) 
C14 0.2399(1) 0.4306(1) 0.2403(3) 1.58(6) 
CIS 0.4846(1) 0.2434(1) 0.2429(3) 1.73(6) 
K* 0 1/2 0 4.0(2) 
Beb 1/2 1/2 0 1.7(4) 
^Occupancy refined to 1.00(2). 
Occupancy refined to 1.24(9). 
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®22 63 3 B12 Bl3 62 3 
0.99(4) 0.93(4) -0.13(3) 0 0 
1.06(3) 0.72(3) 0.09(2) 0.09(2) -0.07(2) 
2.1(1) 0.7(1) -0.9(1) 0 0 
1.6(1) 1.0(1) -0.80(8) 0 0 
1.6(1) 1.1(1) 0.62(8) 0 0 
1.37(6) 1.50(8) -0.28(5) 0.53(5) -0.04(6) 
1.26(6) 1.61(7) -0.19(5) -0.21(6) 0.46(6) 
5.0(3) 5.0(3) 0.9(2) 0 0 
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additional triply-shared terminal chlorine atoms. A pair of cluster 
chains and their interconnectivity is shown in Figure 5. The connec­
tivity around each cluster is formulated 
where the superscripts describe the functionality of the chlorine atoms. 
The three-dimensional connectivity of the structure packs the 
cluster chains in a pseudo-body-centered fashion, with the central 
cluster chain translated by t/2 with respect to the four surrounding 
chains. Within the space group Pnnm, the central cluster chain is 
related to the four surrounding chains by n-glides with planes at x = 
± 1/4 and y = ± 1/4. By virtue of the body-centered-type packing, each 
cluster chain is also surrounded by 4/4 channels which run parallel to 
the chains and contain the potassium (or rubidium) cations. In the cases 
of the borides, Zr^Cl^^B and Zr^Br^^B, the channels are empty. The 
cation channels and the packing of the linear cluster chains are shown in 
a [001] view of the structure in Figure 6. The cation channels are com­
posed of trans-edge shared trigonal antiprisms which have four additional 
chlorine atoms in the form of a rectangle around the waist, perpendicular 
to the pseudo-3 axis. Every other of these 3-4-3 chlorine polyhedra, 
shown in Figure 7, is occupied by a cation. The cation-cation distance 
within the channels is equal to the i dimension of the cell, 7.472 A 
in KZrgCl^gBe. 
The individual clusters in KZrgCl^gBe have symmetry, the two­
fold axis running down the center of the cluster chain. The Zr-Zr dis­
tances range from 3.246 - 3.356 A and average 3.310 A. The short Zr-Zr 
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Figure 5. A pair of interconnected linear cluster chains in KZrgCljgBe. 
Edge-bridging Cl^ atoms not involved in intercluster bonding 
are omitted for clarity. Particularly noteworthy are the 
triply shared CI®"® atom between cluster chains and the 
Cli'i atom between clusters within a chain. (90% 
ellipsoids.) 
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Figure 6. A [OOl] view of the structure of KZrgCl^oBe emphasizing the 
cation channels between cluster chains, the pseudo-body-
centered packing of the chains and the similarity of the 
chains to those in Sc^ClgZ. Potassium cations are shown as 
large crossed ellipsoids between cluster chains. All atoms 
are drawn at 90% probability 
56 
gure 7. The potassium site in KZrgCljgBe. The site has 2/m symmetry 
with the mirror plane approximately in the plane of the 
figure. All ellipsoids are drawn at 50% probability 
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distance is between atoms in the chain direction {t), while the long 
distances are perpendicular to the chain, between zirconium atoms bridged 
by the Cl^ ^ atom. The Zr-Zr distance between clusters in the chain 
direction is 4.226 A. The Zr-Be distances are 2.3306(9) and 2.3349(7) A. 
The average value, 2.334 A, gives an effective beryllium radius of 1.47 A 
when the six-coordinate zirconium radius of 0.86 A^^y -jg subtracted from 
it. The radius is similar to that obtained from other beryllium-centered 
zirconium clusters and is about 0.02 A larger than the observed radius 
for boron. The Zr-Cl^ distances are also typical of zirconium chloride 
clusters and average about the sum of the respective crystal radii.127 
The Zr-Cl distances are considerably longer at 2.698(1) A, pre­
sumably a reflection of the weaker Zr-Cl bonding associated with the 
unusual four-coordinate environment of the chlorine. The Zr-Cl^"^ 
distances are longer yet at 2.716(3) - 2.735(2) A. Interatomic distances 
in KZr^Cl^^Be are given in Table 7. 
The unusual Cl^"^ atom (Cll) and its four zirconium neighbors 
are planar by symmetry, the site having point symmetry. The mirror 
plane lies perpendicular to the chain direction {Î). The four zir­
conium atoms form a rectangle around the CI^ ^ atom with Zr-Zr distances 
i-i 
of 4.226 A parallel to the chain and 3.356 A normal to it. The X 
connectivity observed in the M^Zr^Cl^gZ compounds is very uncommon in 
the rare earth and early transition metal halide clusters and has pre­
viously been observed only in the condensed cluster structures of Er^Ig 
and ErgI^.i2,i3More recently, the highly distorted dicarbide cluster, 
SCgIiiC2,i28 was observed to also have inner-inner halide connectivity. 
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Table 7. Interatomic distances in KZr^Cl Be (A) 6 13 
Zr-Zr 
Zrl-Zr2 (x4)® 3.297(1) 
Zrl-Zr2 (x4) 3.301(1) 
Zr2-Zr2 (x2) 3.246(2) 
Zr2-Zr2 (x2) 3.357(1) 
d 3.300 
Zr-Be 
Zrl-Be (x2) 2.3306(9) 
Zr2-Be (x4) 2.3349(7) 
d 2.3335 
Zr-Cl^ 
Zrl-C15 (x4) 2.570(2) 
Zrl-C14 (x4) 2.576(2) 
Zr2-C13 (x4) 2.513(2) 
Zr2-C15 (x4) 2.552(2) 
Zr2-C14 (x4) 2.560(2) 
Zr-Cli-i 
Zr2-Cll (x4) 2.698(1) 
Zr-Cl®"® 
Zrl-C12 (x2) 2.716(3) 
Zr2-C12 (x4) 2.735(2) 
K-Cl 
K-C14 (x4) 3.423(2) 
K-C15 (x4) 3.529(2) 
K-C13 (x2) 3.725(3) 
3.526 
^Number of times the distance occurs per cluster or cation. 
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The connectivity is also observed for oxygen in the extended 
chain structures of SCo^ygZni^ggMo^Oy and LiMOgO^g.129,i30 
The triply-shared Cl^"® atom is unique to the KZrgCl^gBe struc­
ture, although similar connectivity is observed for oxygen in several 
reduced ternary molybdenum oxide phases. 
The structure of KZrgCljgBe from an alternate point of view, can be 
described in terms of close-packed layers of chlorine atoms in much the 
same way as the structures of IrgCl^gC, NbgCl^^ and KgZr^CljgH have been 
previously described.23 The chlorine layers in KZrgCl^gBe stack in the 
t direction in an ...ABAC... fashion or (ch)^ when described in terms 
of neighboring chlorine layers. The zirconium atoms cluster in octa­
hedral sites above and below beryllium-filled voids in the A layer. Two 
additional chlorine vacancies per cell exist in the A layer and make-up 
the cation channels between cluster chains. As noted earlier, only every 
other vacancy is occupied by a cation. All told, the A chlorine layer is 
composed of five chlorine atoms, a beryllium atom, a potassium atom and a 
vacancy per unit cell. A projection of the layer at x = 0 with Zrg clus­
ters superimposed is shown in Figure 8. The A layer at x = 1/2 is trans­
lated by (b+î)/2 with respect to the A layer at x = 0. The B and C 
chlorine layers are complete, being composed of eight chlorine atoms per 
unit cell. 
The close-packed description of KZr^Cl^^Be shows a remarkable simi­
larity to that of the NbgCl^^ structure.® The chlorine layers in NbgCl^^ 
stack ...ABAC... in the t direction with metal atoms clustering 
around vacancies in the A chlorine layers. A second vacancy also exists 
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Figure 8. A [100] projection on x = 0 of the A chlorine layer in 
KZrgCl^gBe with Zr^ clusters superimposed. The large and 
small crossed edllipses are K and Be atoms, respectively, and 
the open ellipses are chlorine atoms. Ellipses are drawn at 
90% probability 
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Figure 9. A [OOl] projection on z = 1/2 of the clusters- in ZrgClj^B. 
The open areas between clusters are the cation sites. Trans­
lation of every other ro^ of clusters in t, the section 
enclosed in the box, by b/2 gives the cluster arrange­
ment seen in the KZrgCl^gBe structure 
62 
in the A layer, apparently generated by the bridging requirements of the 
cluster and is the site of the alkali metal cation in the M^ZrgX^^Z 
compounds.36 ,37 /\s in KZgCl^gBe, the B and C chlorine layers in 
NbgClj^ are complete. 
The relationship between the two structure types is shown in the 
projections in Figures 8 and 9 of the A chlorine layers with metal clus­
ters superimposed in Klr^Cl^^^Be and Nb^Cl^^, respectively. Transforma­
tion of the NbgCli^ structure into the KlrgCl^gBe structure is accom­
plished by a translation of every other row of clusters in ci by b/2. 
The fourteenth chlorine atom, lying in a channel between linear cluster 
chains following the translation, is replaced with a potassium atom. The 
vacant cation site in NbgCli^ carries over into the KZrgCl^^Be structure 
and is the vacancy between potassium atoms in the cation channel. The 
quality of the above description is nicely illustrated by a comparison of 
the formula unit volumes of Zr.Cl,, B and Zr.Cl.B in the Nb.Cl , and 6 14 6 13 6 14 
KZrgCl^gBe structures, respectively. ZrgCl^^B has a volume of  520  
A3/cluster, while ZrgCl^^B, which has one additional cluster electron has 
a nearly equal volume of 519 A^/cluster. 
The unique structural framework of KZrgCl^^Be with its one-
dimensional cation channels, offers a potentially rich chemistry of 
cation exchange, removal and insertion. The latter two areas also 
involve cluster oxidation or reduction, respectively. Although the 
cation removal and insertion reactions attempted were not particularly 
encouraging, as noted above, success of the cation exchange reaction in 
RbAlCl^ clearly demonstrated that cation mobility and structure stability 
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can be achieved together in low temperature (350°C) tetrachloroaluminate 
melts. Additional work in either molten salts or other solvents may lead 
to routes for cation removal/cluster oxidation or cation insertion/ 
cluster reduction. The preparation of further derivatives of KZrgClj^gBe 
by ion-exchange possibly with multivalent cations, also appears 
promising. 
A diverse interstitial chemistry has been developed over the past 
several years for the zirconium iodides in the Nb^Cl^^ structure. Inter­
stitial atoms ranging from small second period elements like boron and 
carbones'37 to larger main group elements (P, Si, Al)37»6i and even 
metals (K, Fe, Co, Mn)62'64 have all been found to stabilize this 
otherwise electron-deficient zirconium cluster. The ability of the 
Nb CI structure to also accommodate a large cation in conjunction with 
6 14 
the interstitial chemistry has allowed the metal-metal bonding levels 
within the cluster to be explored by the systematic variation of the 
cluster electron count.36 
The success of this chemistry for the zirconium iodides led to an 
exploration of analogous zirconium chloride systems. In many respects, 
the zirconium chloride systems fail to show the diversity of interstitial 
chemistry or the tolerance of various degrees of cluster oxidation which 
are characteristic of the iodides. The chloride systems, however, both 
by the successes and failures, provide further insight into the factors 
affecting cluster stability, particularly the effect of the anion matrix 
on the Zr-X^ antibonding contribution to the eighth metal-metal bonding 
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orbital (see Bonding section). In addition, work in the system, besides 
providing a number of new M^ZrgCTi^Z compounds, has led to the prepara­
tion of compounds in several new structure types with stoichiometries 
other than 
Synthesis 
Zr^Cl^^C was initially obtained as the major product (95+%) in a 
reaction designed to prepare 'Zr^Cl^g'!? using stoichiometric amounts of 
Zr powder, ZrCl^, and C in the form of graphite as the interstitial 
element at 850°C. The dark red-brown material was identified as Zr^Cl^^ 
by a comparison of the observed powder diffraction pattern with one 
calculated using the parameters from Nb^Cl^^.G The excess ZrCl^ in the 
reaction appeared to be approximately the amount necessary to generate 
the equilibrium ZrCl^ pressure over the product at reaction temperature 
and could easily be removed by sublimation under static vacuum. A 
variety of temperatures from 700-950°C were used to prepare Zr^Cl^^^C; 
however, crystal growth was negligible in all cases. Attempts to improve 
crystal growth by a variety of other techniques including M^Cl/ZrCl^ 
fluxes, temperature gradients, mobile carbon sources such as paraffin and 
slow cooling were also tried, but with minimal success. Crystals of 
Zr^Cl^^C were obtained on two occasions, however, in reactions contami­
nated with oxygen. The data crystal came from a reaction designed to 
prepare 'Na^Zr^Cl^g' under at 700°C. A leak developed in the hydro­
génation system during the reaction, surrounding the tantalum reaction 
tube with a hydrogen/air mixture. The carbon source in the reaction is 
unknown. Guinier powder diffraction patterns show the lattice parameters 
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to be slightly larger than those obtained for Zr^Cl^^C prepared with 
graphite (Table 8). A second reaction, loaded stoichiometrically to 
prepare NaZr^Cl^gisc, produced gem-like crystals of Zr^CI^^C, but the 
large amounts of ZrClO* also present indicated the reaction was 
contaminated with oxygen, presumably from an impure source. Lattice 
parameters in this case showed no significant deviation from those 
obtained from ZrgCl^^C prepared with graphite. Reasons for the dif­
ficulties encountered growing crystals are not clear, particularly in 
light of the zirconium iodide results where crystal growth is 
exceptional.36,37 The experience with the reactions contaminated with 
oxygen, however, suggests chemical transport by CO may be useful for 
crystal preparation.^^Additional work will be required to verify 
the transport reaction and prepare single crystals. 
ZrgClj^^B was prepared in 5-10% yields in reactions at 950°C stoi-
chiometrically loaded to prepare ZrgClgB. The highly reflective, black, 
gem-like crystals were easily separated from the dark-brown, micro-
crystalline ZrgClgB.isz The crystals were often twinned and mixed with 
similarly shaped crystals of Zr^Cl^^B. Although prepared only in low 
yield, Guinier lattice parameters, given in Table 8, clearly support the 
identification of the material as a boride rather than a carbide formed 
from adventitious carbon. The identification is further supported by a 
single crystal X-ray diffraction study (below). The reaction of stoi­
chiometric amounts of Zr powder, ZrCT^, and amorphous B powder to prepare 
Zr^Cl^^B invariably produced Zr^Cl^^B in greater than 95% yield. Single 
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Table 8. Cell parameters (A) and volumes (#3) of Zr^Cl^^Z (Z = C, B) 
and M^ZrgClj^B compounds® 
Compound a b c V 
14.021(2) 12.562(2) 11.480(3) 2022.0(8) 
14.091(8) 12.595(5) 11.506(5) 2042(2) 
ZrgClmB 14.243(1) 12.640(2) 11.546(1) 2078.6(5) 
LiZr^Cl^^B 14.267(3) 12.647(3) 11.536(2) 2081.4(8) 
NaZrgCl^^B 14.110(2) 12.655(2) 11.535(2) 2059.6(5) 
KZr,Cli^B 14.095(1) 12.640(1) 11.570(1) 2061.2(3) 
RbZrgCli^B 14.113(1) 12.647(2) 11.624(1) 2074.4(4) 
CsZrgCl^.B 14.143(1) 12.678(2) 11.707(1) 2098.9(4) 
TlZrgCli.B 14.095(1) 12.621(1) 11.583(1) 2060.6(3) 
14.690(3) 13.229(3) 11.991(3) 2330(1) 
CsZr Br,, C 6 m 14.737(1) 13.297(2) 12.108(1) 2372.7(5) 
ZrgBr^Fe 14.988(3) 13.408(2) 12.232(2) 2458.1(7) 
®A11 values were obtained from Guinier powder diffraction data. 
'^Adventitious C, data crystal. 
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phase amounts of ZPgCl^^B large enough for physical property measurements 
were not obtained. 
The M^ZrgClj^B phases (see Table 8) were obtained in 95+% yields 
by the reaction of stoichiometric amounts of Zr powder, ZrCl^, amorphous 
B powder and M^ci, except for TlZrgCl^^B where T1 metal was used, at 
850°C for 10-21 days. Good crystal growth was obtained in the = Na, 
K, Rb, and Cs cases. Lattice parameters obtained from Guinier powder 
diffraction patterns are compiled in Table 8. The case for LiZr^Cl^^B 
is not unambiguous and will require magnetic susceptibility results to 
verify Li incorporation. ^ 
A variety of other M^Zr^Cl^^Z reactions with third period inter­
stitial elements and cluster electron counts from 13 to 16 were attempted 
with limited success. Several new compounds were prepared, but with 
stoichiometrics other than M^ZrgCl^^Z. A compilation of attempted 
syntheses, reaction temperatures and major products is given in Table 9. 
Although the size of the interstitial atom appeared to be an important 
factor in the failure to prepare other M^ZrgCl^^Z compounds, the recent 
preparation of CsZrgCljgFe and ZrgCljgCo,®3 both with what are compara­
tively large interstitial atoms, suggests other factors are also impor­
tant. The thermodynamic stability of adjacent phases is also clearly an 
overriding criterion. 
Crystallography 
Two octants of data were collected on a small, gem-like crystal of 
ZrgCli^Z using monochromatic Mo Ka radiation. The crystal was obtained 
from the Na, Zr^Cl,„ reaction described above and, hence, the identity of 4 6 18 
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Table 9. Unsuccessful M^Zr^Cl^^Z reactions 
Proposed 
compound 
Electron 
count 
Temperature 
•c 
Major Products 
14 800 Zr;S1,, ZrCl^ 
ZrCl, ZrClg.x 
CsZrgCl^^Al 14 800 unidentified multiphase 
product 
CsZrgClj^Be 13 800 CSgZr^CligBe 
BaZrgClj^Be 14 800 unidentified 
13 850 ZrgCligB 
HgZrgCl^^B 15 850 Hg, ZrgCljgB 
CsZrgCl^^C 15 850 CsZrgClisC 
KZrgCli.C 15 850 KZrgCl,sC 
NaZr;C1i^C 15 850 "ao.sZrgClisC 
Zr^Cli^N* 15 850 iT-ZrgClgN, 3R-ZrClNx, 
ZrN, ZrCl^ 
ZreCTi^ob 16 850 ZrClOx, ZrCl,_x 
®ZrNCl was the nitrogen source. 
^ZrOg was the oxygen source. 
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the interstitial atom is not certain. Details of the data collection are 
given in Table 10. 
Refinement of the known structure-type was begun with the niobium 
and chlorine positional parameters from NbgCl^^G after the appropriate 
transformation from the nonstandard space group Bbam to Cmca. The 
zirconium and chlorine positions and isotropic thermal parameters refined 
uneventfully to R = 7.3% at which point a Fourier map showed an approxi­
mately 7-electron residual in the cluster center. Because of the unknown 
nature of the interstitial atom, several refinements with different ele­
ments in the interstitial site were carried out. Carbon was finally 
chosen as the interstitial atom because of the similarity of the crys­
tal's lattice constants to those of ZrgCl^^C prepared from graphite, and 
the consistency of the refined Zr-Zr and Zr-C distances with those in 
other structurally characterized carbon-centered clusters. In addition, 
boron and nitrogen were systematically eliminated because NaZr^Cl^^B and 
ZrgCljgN, respectively, would be expected to form under the given condi­
tions with purposeful addition of these interstitial elements. Zr^Cl^^B 
also shows significantly different lattice parameters from those obtained 
(Table 8). Sodium and oxygen interstitial atoms were ruled out because 
the compounds could not be independently prepared with the appropriate 
elements present. The structural refinement with carbon converged to R = 
4.5% and R^ = 7.9%. The slightly expanded lattice parameters over 
Zr^Cl^^C and the refined carbon occupancy larger than unity, suggest that 
a 'mixed interstitial', primarily carbon in character, may be present. 
The possible combinations of interstitial atoms and the stabilities of 
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Table 10. Summary of crystallographic data for Zr^Cl^^C and Zr^Cl^^B 
Zr^Cl,, C Zr CI, B 6 If 6 lU 
Space Group Cmca Cmca 
Z 4 4 
a, A® 14.091(8) 14.243(1) 
b 12.595(5) 12.640(2) 
c 11.506(5) 11.546(1) 
V, A3 2042(2) 2078.6(5) 
Crystal dimen., mm 0.15x0.15x0.20 0.15x0.15x0.15 
Radiation Mo Ka, graphite Mo Kct, Zr g-filter 
monochrometer 
20(max), deg. 55.0 55.0 
Scan mode (1) 20/Q 
Reflections 
octants h,k,±& hk& 
measured refl. 2391 1252 
observed refl. 1653 652 
independent refl. 894 652 
R(ave), % 1.8 -
y, cm'i 46.7 45.9 
Transm. coeff. range 0.76 - 1.00 0.82 - 1.00 
Secondary ext. coeff. - -
R, % 4.5 6.1 
R(w), % 7.9 7.9 
^Guinier lattice parameters. 
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the compounds formed are presently unknown. Evidence for mixed inter-
stitials in the zirconium iodide clusters is fairly conclusive, 
however.15'3® *3^ 
The structure of ZrgCl^^B was refined with one octant of data col­
lected on a small, gem-like crystal using monochromatic Mo Ka radiation. 
Details of the data collection are summarized in Table 10. 
Refinement of the structure of Zr^Cl^^B was carried out using the 
atomic positions of zirconium and chlorine from the refinement of 
ZrgCl^^C. A Fourier map calculated following isotropic refinement of the 
zirconium and chlorine parameters showed a 5-electron residual in the 
cluster center which was included as a boron atom in subsequent calcula­
tions. The model converged to residuals of R = 6.1%, and Ry, = 7.9% 
after anisotropic refinement of the zirconium and chlorine thermal 
parameters and a reweighting of the data set. The final difference map 
showed several 0.5 - 1.0 electron features all associated with refined 
atom positions. The cation site at (0,0,0) was unoccupied. The aniso­
tropic thermal parameters of all atoms showed a slight elongation in the 
b direction, presumably a consequence of poor crystal quality 
and/or an inadequate absorption correction. 
Positional and thermal parameters for Zr^Cl^^C and Zr^Cl^^B are 
given in Table 11. Observed and calculated structure factor amplitudes 
are listed in Appendices C and D for Zr^Cl^^C and Zr^Cl^^B, 
respectively. 
Table 11. Positional and thermal parameters for Zr^Cl C and Zr CI B 
6 14 6 14 
Atom X y z Bii 
Zrl 0.38286(8) 0.07095(9) 0.8826(1) 0.89(4) 
Zr2 0 0.3507(1) 0.8926(1) 0.92(6) 
CU 0.1242(2) 0.0876(2) 0.2497(3) 1.7(1) 
C12 0.1240(2) 0.2551(2) 0.0083(3) 1.5(1) 
C13 1/4 0.3448(4) 1/4 1.3(2) 
C14 0 0.1582(4) 0.7629(4) 1.5(2) 
CIS 0.2474(3) 0 0 1.0(1) 
C^ 0 0 1/2 0.4(3) 
Zrl 0.3844(1) 0.0715(1) 0.8827(1) 0.51(5) 
Zr2 0 0.3502(2) 0.8905(2) 0.66(8) 
Cll 0.1240(3) 0.0881(3) 0.2486(4) 1.2(2) 
C12 0.12S2(3) 0.2547(3) 0.0069(4) 0.9(1) 
C13 1/4 0.3431(5) 1/4 0.7(2) 
C14 0 0.1592(4) 0.7623(5) 1.0(2) 
CIS 0.2491(4) 0 0 0.5(2) 
gb 0 0 1/2 2(1) 
^Occupancy refined to 1.4(1). 
Occupancy refined to 1.0(1). 
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®22 ^33 ^12 ®13 ®23 
0.85(4) 
0.96(6) 
1.5(1) 
1.2(1) 
1.7(2) 
1.6(2) 
1.8(2) 
0.98(4) 
0.91(6) 
1 . 2 ( 1 )  
1 . 1 ( 1 )  
1.3(1) 
1 . 1 ( 1 )  
1 . 2 ( 1 )  
0.00(3) 
0 
0.18(9) 
0.48(9) 
0 
0 
0 
0.01(4) 
0 
0.5(1) 
-0.23(9) 
-0.7(1) 
0 
0 
0.06(3) 
-0.05(5) 
0.34(9) 
- 0 . 2 2 ( 8 )  
0 
- 0 . 6 ( 1 )  
0 . 1 ( 1 )  
1.43(6) 
1.28(9) 
1.5(2) 
1.4(1) 
2.3(3) 
1 . 2 ( 2 )  
2.7(3) 
0.54(5) 
0.55(7) 
1 . 0 ( 1 )  
1.3(1) 
1 .2(2)  
1 . 1 ( 2 )  
1 . 0 ( 2 )  
•0.06(5) 
0 
0 . 0 ( 1 )  
0.4(1) 
0 
0 
0 
-0.11(5) 
0 
0 . 6 ( 1 )  
-0.3(1) 
-0.7(2) 
0 
0 
0.11(5) 
-0 .01 (8 )  
0.3(1) 
-0.2(1) 
0 
-0.3(2) 
0.5(2) 
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Structure and Discussion 
The NbçClm structure, parent type of Zr^Cli^C, ZrgCl^i^B and the 
M^ZrgCl^^B compounds, has previously been described.6,is From a 
simplistic point of view, the structure may be viewed as an array of 
randomly oriented MgX^^ clusters packed in layers normal to the [1111 
direction. Octahedral holes formed by the close-packed clusters are 
occupied by the cations in the M^ZrgCl^j^B compounds. 
A more comprehensive description recognizes that the stoichiometry 
of the compound and the cluster bonding requirements necessitate a com­
plicated sharing of chlorine atoms between clusters. Ten of the twelve 
edge-bridging CI^ atoms on each cluster are unshared, while the 
remaining two, serve in a dual capacity as CI^ atoms on one cluster and 
CI® atoms on adjacent clusters. The six terminal positions on each 
cluster are filled by four additional chlorine atoms which are shared 
with adjacent clusters and by two more distant CI^ atoms from adjacent 
clusters as described above (see Figure 10). The connectivity in 
ZrgCli^C is, therefore, formulated [ZrgCl^"^gCl^'"®2/2]^^^"^2/2^^^"\/2* 
An alternative and somewhat enlightening description of the struc­
ture is as a close-packed array of chlorine atoms.iS'ZS The chlorine 
layers, which can easily be visualized between the layers of metal atoms 
in Figure 10, pack in an ...ABAC... fashion parallel to c or as 
(ch)2 when described in terms of neighboring chlorine layers. Two-
eighths of the chlorine positions in the A layer (z = 0 and 1/2) are 
vacant in Nb^Cl^^. In the M^Zr^Cl^^Z compounds one-half of the 
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Figure 10. The structure of ZrgCl^^C emphasizing the intercluster 
connectivity. Mirror planes lie at x = 0 and 1/2. Although 
the CI^ atoms not involved in intercluster connectivity 
have been omitted for clarity, the close-packed anion layers 
stacked parallel to Î can easily be imagined between 
layers of metal atom. (90% ellipsoids) 
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vacancies, those in the center of the clusters, are occupied by Z atoms 
and the other half, apparently generated by the bridging requirements of 
the clusters, contain the cations if present. Metal atoms occupy 
37.5% of the octahedral holes above and below the A layer, clustering 
around either one-half of the vacant sites in Nb^Cl, or the Z atom sites 
6 14 
in M^Zr^Cl^^Z. The B and C chlorine layers are complete. 
The crystal structures of ZrgCl^^C and ZrgCl^^B, while not the best 
structural refinements available, are important in that they are 
the only structurally refined Zr^Cl^gZ-type clusters that are directly 
comparable with the interstitially stabilized zirconium iodide clusters, 
i.e., they are of the same structure type. In addition, the Zr^Cl^^B 
structure verified the presence of the boron interstitial atom when the 
cluster could only be prepared in the 5-10% yields typically associated 
with adventitiously stabilized phases. Interatomic distances for 
ZrgCl^i^C and Zr^Cl^^B are given in Table 12. 
The structural trends established by the M^Zrgl^^Z work^^'^? 
are seen to carry over to the chloride clusters in virtually all 
respects. The Zr^Cl, Z clusters in both Zr^Cl C and Zr.Cl ,8 exhibit 
6 12 6 14 6 14 
the slight tetragonal distortion expected on the basis of the effects of 
the asymmetric bonding of the terminal chlorine atoms.36 The Zr-Zr and 
Zr-Z distances lengthen, as expected, when going from the carbide to the 
boride. Both types of distances for their respective interstitial atoms 
are consistent with distances calculated from tabulated^^? or derived 
(from NaCl-type transition metal carbides and borides) crystal radii and 
with distances from other structurally characterized zirconium chloride 
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Table 12. Interatomic distances in Zr^Cl^^C and Zr^Cl^^B (A) 
Zr-Zr 
Zrl-Zrl 
Zrl-Zrl 
Zrl-Zr2 
Zrl-Zr2 
Zr-Z 
Zrl-Z 
Zr2-Z 
Zr-Cl^ 
Zrl-C15 
Zrl-C12 
Zrl-CU 
Zr2-Cll 
Zr2-C12 
Zr-CTÎ-a 
Zrl-C14 
Zr-Cia-i 
Zr2-C14 
Zr-Cia-a 
Zrl-C13 
(x2)' 
(x2) 
(x4) 
(x4) 
(x4) 
(x2) 
(x2) 
(x2) 
(x2) 
(x2) 
(x2) 
3.235(2) 
3.290(2) 
3.217(2) 
3.218(2) 
3.232 
2.307(1) 
2.243(2) 
2.286 
2.497(3) 
2.522(3) 
2.512(3) 
2.518(3) 
2.503(3) 
(x2) 2.591(3) 
(x2) 2.835(4) 
(x4) 2.630(2) 
3.256(3) 
3.294(3) 
3.247(2) 
3.248(2) 
3.257 
2.316(1) 
2.277(2) 
2.303 
2.523(4) 
2.544(4) 
2.546(4) 
2.532(4) 
2.538(4) 
2.597(4) 
2.832(6) 
2.679(3) 
^Number of times the distance occurs per cluster or cation. 
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clusters. Distances in the zirconium iodide clusters tend to be slightly 
larger because of the matrix effect associated with the larger, tightly 
packed iodine atoms. The most significant difference observed between 
the chloride and iodide clusters, also a consequence of the matrix 
effect, is the degree to which the zirconium atoms have been pulled in 
from the square faces of the cuboctahedron formed by the atoms. In 
Zrglj^C each zirconium atom is pulled in from the square face of the T 
atoms surrounding it by nearly 0.5 A compared with the approximately 0.25 
A distance in ZrgCl^^C. The difference plays a significant role in the 
character of the eighth metal-metal bonding orbital which affects the 
stability of 15- and 16-electron clusters. The character of the eighth 
M-M bonding orbital is discussed in the section on Bonding. 
Structural relationships between Zr^Cl^^Z and KZr^Cl^gBe and 
KgZrgCl^gB are discussed in the latter two sections, respectively. 
The compounds offer a wide variety of structure types all 
exhibiting connectivity, but which have distinctly 
different local geometries around the clusters and are also struc­
turally unrelated in their larger three-dimensional connectivity. Four 
distinct structural frameworks and several variations thereon are pres­
ently known for the M^X^^ compounds.4,5,59 jhe preparation of a 
series of interstitially stabilized zirconium chloride clusters in all of 
the known frameworks has allowed the elucidation of some of the specific 
factors involved in the differentiation and formation of the various 
structure types. Three of the four primary structural frameworks, i.e., 
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those found in the CsNbgCl^g^z and KgZrgCl^gBsa structures, and 
their variations will be discussed in detail in connection with specific 
zirconium chloride cluster compounds with those structure types. The 
fourth structural framework, that found in NbgF^gS and the recently 
identified Zr^Cl,^Co,®^ will be included in the discussion of the struc-
6 15 
tural details which differentiate the four structure types and the 
factors which are responsible for the formation of the different cluster 
frameworks. 
Compounds with the TagCl^g structural framework 
ZrgCljs has been known since 1978.14 it was initially prepared in 
very low yield as black transported gem-like crystals in a ZrCl/ZrCl^ 
equilibration with a Cl:Zr ratio less than 2:1 carried out under a 750/ 
600°C temperature gradient.Attempts to reproduce the synthesis 
using more appropriate Zr:Cl ratios were unsuccessful. A single crystal 
structural analysis of a crystal from the initial preparation had iden­
tified the compound as Zr^Clig and showed it to be isostructural with 
TagCl approximately 5-6 electron residual was observed in 
the cluster center. ZrgCl^g was later identified as a red-brown, micro-
crystalline coating on a zirconium strip from an attempt to prepare 
single crystals of ZrClH^ ^ from Zr strips and ZrCl^ under a hydrogen 
atmosphere in a 610-700°C gradient.Once again, however, synthesis of 
the apparently 9-electron cluster could not be replicated. 
By now the signs of an interstitially stabilized cluster have become 
fairly apparent. The low and irregular yield of an apparently electron 
deficient MgX^g cluster and a crystal structure with residual electron 
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density in the cluster center, clearly identify Zr^Cl^^ as an intersti-
tially stabilized cluster. In this case, the interstitial atom has been 
identified as nitrogen.59 
Synthesis Zr^Cl^gN was prepared in virtually quantitative 
yield as dark-red, gem-like crystals from the reaction of stoichiometric 
quantities of Zr powder, ZrCl^ and ZrNCl at 700°C for two weeks. The 
lattice parameters of the material obtained were marginally larger than 
those reported for 'Zr^Cl^g'!? (0.15%). The discrepancy is typical of 
those found between lattice constants obtained by Guinier powder diffrac­
tion using an internal Si standard and those obtained by tuning reflec­
tions on a diffractometer without a calibrant. Small changes in the 
effective wavelength occur in the latter method as a result of adjust­
ments in the graphite monochromator setting. The observed deviation in 
lattice constants could result from an error in the wavelength used in 
the calculation of less than 0.15%. The exceptional improvement in 
yields with the introduction of nitrogen into the reaction and the good 
agreement between the crystal structures, particularly in the Zr-Zr 
distances of 'ZrgCl^g' and ZrgCljgN, leave little doubt as to the iden­
tity of the interstitial atom in 'Zr^Cl^g'. Similar reactions in the 
800-900°C range give ZrN as the primary nitrogen containing compound with 
small amounts of IT-ZrgClgN and SR-ZrClN* (x « 1).^° No Zr^Cl^gN was 
observed in any of the higher temperature reactions. 
Zr^CligN may also be prepared in 95+% yields using NaN^ or NH^Cl as 
a nitrogen source under the 700°C conditions given above. The lattice 
parameters of the materials obtained using these alternate nitrogen 
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sources are within 3a of those obtained with ZrNCl, indicative of no Na 
or H incorporation in to  the compound. Lines associated with a NaCl /ZrC\  
double salt are observed in the powder diffraction patterns of the prod­
ucts from reactions containing NaNg. The excess hydrogen in NH^Cl reac­
tions is apparently taken up by the Ta reaction container. No Zr^Cl^^H 
was observed. 
The exceptional crystal growth observed in all reactions suggests a 
chemical transport reaction is at work, although the mechanism has not 
been established. Attempts to prepare Zr^Cl,invariably yielded 6 15 
ZrgCli.C. 
The approximately isovalent compound Na^Zr^Cl^gC (x < 1) was 
prepared by the reaction of stoichiometric amounts of Zr powder, 
ZrCl^, NaCl and graphite over a two week period at 850°C. The compound, 
produced as dark-red, gem-like crystals, ground to a reddish-brown powder 
and gave a powder diffraction pattern which clearly identified it as 
being isostructural with Zr^Cl^gN. The cubic unit cell parameters were 
slightly larger than those of the nitride, consistent with the incorpora­
tion of sodium cations in the lattice and the replacement of the nitrogen 
interstitial atom with a carbon atom. The substitution of the Na-C pair 
for N leaves the cluster electron count unchanged. Attempts to incor­
porate or substitute larger cations into the carbide structure, i.e., K, 
Rb, and Cs, resulted in other structure types.13^ Reactions to 
prepare LiZr^Cl^gC resulted in yet another compound whose structure and 
composition are presently unknown. Several reactions were run with 
excess NaCl under reducing conditions after the crystal structure of 
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Nag^gZrgCl^gC showed the structure was capable of accommodating up to 
three cations per cluster. All reactions failed to produce the more 
reduced compound NaxZrgCl^gC (1< x < 3), but yielded instead an uniden­
tified product which by powder diffraction appears to be similar in 
structure to K^NbgCljg.^ 
Further sodium incorporation was accomplished, however, by the sub­
stitution of B for C in the reaction. NagZrgCl^gB was prepared from the 
reaction of stoichiometric amounts of Zr powder, ZrCl^, NaCl and amorph­
ous B powder at 850°C. The powder pattern clearly shows a TagCl^^-type 
structure with lattice parameters slightly larger than those of 
Na^^ZrgCljgC. A small splitting of all the lines in the powder diffrac­
tion pattern except those associated with the Si standard is also evident 
and suggests a distortion of the lattice from cubic symmetry. 
Further incorporation of Na into the lattice by the substitution of 
Be for B was not successful. Stoichiometrically loaded reactions for 
Na^Zr^CligBe at 800°C yielded mixtures of Na^Zr^CligBe and ZrgCl^gBe. 
The distortion of the lattice noted for NagZrgCl^gB may signify the 
stability limits of Na inclusion in the TagCl^g structure. 
Crystallography Single crystal X-ray diffraction studies of 
nicely shaped, gem-like crystals of ZrgCl^^N and NaQ.gZrgCl^gC were 
carried out on the SYNTEX and DATEX diffractometers, respectively, using 
monochromatic Mo Ko radiation. Axial photographs on the diffractometer 
verified the axial lengths obtained from powder diffraction patterns and 
showed the expected mirror symmetry. Neither crystal showed any 
83 
indication of decay during data collection. Pertinent details of the 
data collections are given in Table 13. 
The structure of Zr^Cl _N was refined starting with the refined 6 15 
positions from Zr^Cl^g.!? Isotropic refinement of the Zr and CI atoms 
followed by a Fourier map, clearly revealed the presence of the inter­
stitial nitrogen atom by an approximately 7-electron residual at the 
cluster center. A nitrogen atom was included at the cluster center in 
subsequent calculations. Anisotropic refinement of the heavy atoms (Zr 
and CI), application of a secondary extinction correction and a 
reweighting of the data set resulted in final residual factors of R = 
6.1% and = 4.9%. Simultaneous refinement of the N occupancy and 
isotropic thermal parameter (B) gave values of 0.96(7) and 0.5(7), 
respectively. The final difference map was flat to less than ±0.5 
e-/A3. 
The structural refinement of Na„ ^Zr^Cl ^C was approached in a 
0*5 6 15 
similar manner. Isotropic and positional refinement of the Zr and CI 
parameters from Zr^Cl^g followed by the calculation of an electron 
density map, clearly showed the carbon atom at the cluster center. A 
subsequent map, after inclusion of the carbon atom and anisotropic 
refinement of the Zr and CI thermal parameters, located the Na atoms 
randomly occupying ~l/6 of the 48g positions. The approximately 2-
electron Na peaks stood out prominently against what was otherwise a very 
flat electron density difference map. The Na occupancy refined to 
0.53(3) atoms randomly distributed over three symmetry equivalent sites 
per cluster (8.5(5) Na atoms over 48 sites per unit cell). An earlier 
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Table 13. Summary of crystallographic data for Zr^Cl^N and 
». -7^ rt n 6 15 
Space Group Ia3d Ia3d 
Z 16 16 
a, 21.1712(9) 21.4660(9) 
V, A3 9489(1) 9891(1) 
Crystal dimen., mm 0.30x0.10x0.10 0.25x0.20x0.20 
Radiation Mo Ka, graphite Mo Ka, graphite 
monochromator monochromator 
20(max), deg. 55.0 55.0 
Scan Mode 0) w 
Reflections 
octants hk£ (h _< k) h k i  (h _< k )  
measured refl. 2872 3080 
observed refl. 1095 2065 
independent refl. 451 689 
R(ave), % 3.3 1.7 
u, cm-i 41.4 39.7 
Transm. coeff. range 0.91 - 1.00 0.88 - 1.00 
Secondary ext. coeff. 7(2) X 10-4 4(1) X 10-4 
R, % 6.1 3.2 
R(w), % 4.9 3.4 
^Guinier powder diffraction data. 
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diffraction study of a smaller crystal of Naj^Zr^Cl^^C under poorer 
diffraction conditions,i.e., with a less intense beam and no mono-
chromator, had failed to separate the Na position from the background, 
apparently because of the low occupancy and poor quality of the data set. 
Final residuals for the present structure of R = 3.2% and = 2.5% 
were obtained after application of a secondary extinction correction and 
a reweighting of the data set sorted on [FobsI" The carbon inter­
stitial atom refined to an occupancy of 1.17(5) with an isotropic B of 
2.5(3). The final difference map was flat to less than ±1/3 e~/A^. 
Final positional and thermal parameters for ZrgCl^gN and 
NaQ.glrgClisC are given in Table 14 and relevant interatomic distances 
are compiled in Table 15. Calculated and observed structure factor 
amplitudes are contained in Appendices E and F for Zr^Cl^^N and 
Na^j ^ gZrgCl^gC, respectively. 
Although data were not collected for NagZrgCl^gB, several single 
crystals were examined by X-ray diffraction to verify and, if possible, 
elucidate the nature of the distortion responsible for the splitting of 
the lines in the powder diffraction pattern. The most informative and 
conclusive results were obtained from the largest crystal and only those 
will be discussed. Data obtained with the smaller crystals were also 
consistent with the conclusions drawn here. Polaroid axial photographs 
taken on the diffractometer showed the cell to have mmm Laue symmetry, 
limiting the distortion to either a tetragonal or an orthorhombic modifi­
cation of the cubic cell. Unconstrained least-squares refinement of 27 
reflections tuned on the diffractometer showed a small tetragonal 
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Table 14. Positional and thermal parameters for Zr^Cl _N and 
Nao.sZrgClisC 
Zr,Cl„N X y z 
Zr 0.06143(6) 0.96547(6) 0.08099(6) 
Cll 0.1569(1) 0.0291(2) 0.0511(2) 
C12 0.1097(2) 0.8764(2) 0.0195(1) 
C13 0.5707(2) 1/4-x 1/8 
N 0 0 0 
Nan.,Zr,Cl 
Zr 0.06091(2) 0.96545(2) 0.07960(2) 
Cll 0.15554(6) 0.02940(7) 0.05022(7) 
C12 0.10871(7) 0.87695(7) 0.01884(6) 
C13 0.57195(8) 1/4-x 1/8 
Na 0.253(1) 1/4-x 1/8 
C 0 0 0 
Zr;Cli;N 8,1 ®2 2 ^33 ®13 ^23 
Zr 1.40(6) 1.40(6) 1.34(6) 0.18(4) -0.02(4) 0.27(4) 
Cll 0.7(1) 2.1(1) 1.3(1) -0.3(1) -0.2(1) 0.5(1) 
C12 1.6(1) 1.2(1) 1.1(1) 0.8(1) -0.2(1) 0.1(1) 
C13 1.2(2) Bii 1.8(2) 0.0(2) -0.4(1) 0 
l^a 0.5(7) 
Nan.sZr.Cl 
2.12(2) Zr 2.31(2) 2.21(2) 0.38(1) 0.09(1) 0.51(2) 
Cll 2.28(5) 4.11(7) 3.64(6) -0.47(4) -0.53(4) 0.90(5) 
C12 3.41(6) 3.10(6) 3.01(6) 1.66(5) 0.13(4) 0.49(4) 
C13 3.68(6) Bii 5.4(1) -0.39(7) -1.85(6) 0 
Na'^ 4.0(5) 
CC 2.5(3) 
^Occupancy refined to 0.96(7). 
Occupancy refined to 0.18(1). 
^Occupancy refined to 1.17(5). 
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Table 15. Interatomic distances in Zr.CK^N 0 15 and Nag.gZrgCligC (A) 
ZrgC1i;N 
Zr-Zr 
Zr-Zr (x6)* 3.206(2) 3.2194(9) 
Zr-Zr (x6) 3.222(2) 3.2175(9) 
d 3.214 3.218 
Zr-Z 
Zr-Z (x6) 2.273(1) 2.2758(5) 
Zr-Cl^ 
Zr-Cll (x6) 2.510(3) 2.532(2) 
Zr-Cll (x6) 2.517(3) 2.535(1) 
Zr-C12 (x6) 2.506(3) 2.517(1) 
Zr-C12 (x6) 2.510(4) 2.522(2) 
Zr-Cl*-* 
Zr-C13 (x6) 2.594(3) 2.646(1) 
Na-Cl 
Na-C12 (x2) 2.71(3) 
Na-Cl1 (x2) 2.73(2) 
Na-C13 (x2) 3.32(3) 
^Number of times the distance occurs per cluster or cation. 
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distortion of the cell, with one axis about 0.15 A longer than the other 
two. The angles, as expected, refined to within 3a of 90.0°. The uncon­
strained cell parameters, as well as those with orthorhombic and tetra­
gonal constraints are given in Table 16. No significant changes in 
relative intensities for formerly equivalent reflections in Ia3d were 
observed in the single crystal diffraction data. The admittedly small 
set was consistent, however, with a rough visual estimate of 2:1 for the 
relative intensities of the members of each pair of reflections in the 
powder diffraction pattern. The minor changes in reflection intensities 
suggest that the positions of the heavy atoms in the distorted structure 
are essentially unchanged from the undistorted form. It is believed that 
the distortion is associated with the increased sodium content of the 
cell and probably reflects an ordering of the cations and/or a slight 
deformation of the chloride lattice to create a more favorable 5- or 
6-coordinate sodium position. A single crystal diffraction study will be 
necessary to verify the suspected ordering and the nature of the 
distortion. 
Structure and discussion The Ta^Cl,^ structure type has 6 15 
previously been described.4*17 The structure, composed of 16 symmetry 
related clusters, is contained within a body-centered-cubic unit cell 
with laSd symmetry. Each cluster is interconnected with six neighboring 
clusters through shared Cl^"® atoms to give the connectivity 
typically ascribed to compounds, sheer 
size of the cell, combined with the extraordinarily high symmetry of the 
space group Ia3d, makes a complete description of the structure within 
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Table 16. Constrained and triclinic lattice parameters for Na^ZrgCl^gB® 
Triclinic Orthorhombic Tetragonal 
a = 21.64(1) 21.611(9) 21.603(5) 
b = 21.63(1) 21.600(9) 21.603(5) 
c = 21.79(1) 21.763(9) 21.763(9) 
a = 90.14(7) (90.0) (90.0) 
6 = 90.06(7) (90.0) (90.0) 
Y = 90.14(7) (90.0) (90.0) 
*DiffTactometer data. 
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the guidelines of the unit cell somewhat cumbersome and unwieldy. A 
simplification of the structural description, with little loss of 
generality, is obtained by focusing on a single octant (1/8) of the unit 
cell. Positioned at each of the corners and the body center of the 
subcell is an cluster. A 3 axis runs down one body diagonal 
of the subcell ([111] for example), intersecting clusters at two of the 
corners and the body center. No direct linkage of the clusters on the 
3 axis through Cl®"^ atoms exists. The body-centered cluster is 
connected through shared Cl^ ^ atoms to the six clusters on the 
remaining corners. The connectivity of the central cluster within the 
subcell is shown in Figure 11. The two clusters on the corners inter­
sected by the 3 axis and all of the CI^ atoms have been omitted for 
clarity. The difference between octants and the reason necessitating the 
larger unit cell is the orientation of the 3 axis within each octant. 
When combined, the eight subcells create a unit cell with seven noninter-
secting 3 axes. In the full unit cell, a single 3 axis runs 
along the [111] body diagonal, while the six other 3 axes which are 
all related by the body diagonal 3, extend from the center of each 
face to the center of a neighboring edge. The connectivity of clusters 
within the entire unit cell is pictured schematically in Figure 12. The 
3 axes can be identified by recalling that no direct connectivity 
between clusters on a 3 axis occurs. 
An alternate description that is conceptually simple, but fails to 
adequately describe the symmetry or the connectivity between clusters, is 
to view the structure as a cubic close-packed array of randomly oriented 
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Figure 11. One octant of the unit cell in NaQ.gZrgCl^gC showing the 
intercluster connectivity. The clusters on the two corners 
intersected by the 3 axis and all of the CI^ atoms have 
been omitted for clarity. Sodium cations are the crossed 
ellipsoids lying in pairs on each face. (90% ellipsoids) 
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Figure 12. A schematic drawing depicting the cluster connectivity in the 
complete unit cell of Zr^Cl^gN. Octant boundaries have been 
included. Large spheres represent [Zr^Cl^ N] clusters and 
small spheres are intercluster bridging Cl°"® atoms. 
The [111] body diagonal runs through the top front and bottom 
rear corners 
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clusters. Treating each MX cluster as a sphere, the structure is seen 
to pack in an ...(ABC)^... fashion down the [111] body diagonal. The 
packing is not ideal, but rather is compressed in the [111] direction, 
i.e., normal to the cluster layers. 
The cation site, partially occupied in Na^ gZrgCl^gC and 
NagZrgCl^gB, is a 48-fold position which is coordinated by 4 CI'' atoms 
in an approximately tetrahedral arrangement at distances of 2.72(3) A. 
The next-nearest neighbors are two Cl^ atoms at a distant 3.32(2) A. 
The,entire coordination environment around Na is shown in Figure 13. The 
location of the Na site within the unit cell is once again more easily 
visualized by focusing on a single octant of the unit cell. From this 
viewpoint, the Na positions are seen to lie in approximately linear 
chains which run across the center of each face of the subcell (see 
Figure 11). Two sites lie on each face, positioned at 1/4 and 3/4 of the 
way across the face. The chains of Na positions are oriented relative to 
one another in perpendicular directions on adjacent faces, reminiscent of 
the chains of A atoms in AgB compounds with the A15 structure (g-W).i35 
The analogy, of course, is no more than a convenient method of describing 
the structural arrangement of sodium sites and in no way implies a bonded 
sodium chain. Sodium sites in the chains are slightly over 5 A apart. 
In the close-packed description, the Na atoms lie in irregularly shaped 
sites between the cluster layers. In NBQ.gZrgCl^gC, one-sixth of the 
sodium sites are randomly occupied. No evidence of ordering (in the form 
of superstructure reflections) was observed in either powder diffraction 
patterns or axial photographs taken on the diffractometer. In 
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Na 
Cl 2 
Figure 13. The local environment of the Na atom in Na ^Zr^Cl^gC. The 
C13 atoms are 3.32 A from the Na atom. A two-fold axis runs 
diagonally across the page from the lower right- to upper 
left-hand corner. (50% ellipsoids) 
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NagZrgCl^gB, the tetragonal distortion is believed to be associated with 
an ordering of the sodium atoms and/or a small deformation of the 
structural framework. 
The cluster in all compounds in the TagCljg structure has 
crystallographically imposed 3 symmetry. In Zr^Cl^^N, the cluster 
shows a slight elongation along the 3 axis which makes the Zr-Zr 
distances around the waist 0.016 A longer than those perpendicular to it. 
In contrast, the Zr Cli c cluster in Na„ cZr.Cl,_C is octahedral 
o  U * o o X 5  
within the tolerances of the measurement, as is the TagCli^g cluster in 
TagCl^s.'* The reason for the cluster distortion in ZrgCl^gN is not 
entirely clear. The distortion does not appear to be a consequence of 
the electronic configuration as both zirconium cluster have 14-cluster 
electrons, an electrostatic effect caused by the lack of a cation since 
TagCljg shows no elongation, or an inequivalent Zr orbital contribution 
caused by different Zr-Cl®"® distances as seen in Zrgl^^C^G because 
all the Zr-Cl^"^ distances are equivalent by symmetry. The effect 
may, however, be related to the packing of the clusters. To efficiently 
pack the larger zirconium clusters, a reduction of the M-C1^"^-M 
angle from 142° in TagCl^g to 138° in ZrgCl^gN is required. The 
reduction in the angle pulls in the six zirconium clusters disposed 
around the waist of the central cluster, causing the cluster to elongate 
s l i g h t l y  a l o n g  t h e  3  a x i s  [ s e e  F i g u r e  1 1 ] .  I n  N a g ^ g Z r ^ C l w h i l e  
the angle increases only slightly to 139°, the Zr-Cl^ ^ bonds expand 
by 0.05 A, increasing the distances between the central cluster and those 
disposed around its waist. The expansion of the intercluster distance 
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results primarily from a 'propping' open of the structure by the 
insertion of Na cations in the voids between clusters. The short C12-C12 
distance between clusters noted in Ta^Cl,^ and attributed to steric 6 15 
effects^ is seen in both Zr.Cl,_N and Na„ _Zr^Cl ^C. 
6  1 5  0 - 5 6  1 5  
The Zr-C distances in Nag.gZrgCl^gC are all 2.276 A and are typi­
cal of the distances observed in other carbon-centered clusters. The 
2.273 A Zr-N distance observed in ZrgCl^^N is slightly larger than that 
expected on the basis of the trend established from beryllium-, boron-, 
and carbon-centered clusters (see Figure 49). The smaller than expected 
change may indicate the Zr-N distance is limited by Zr-Zr interactions or 
simply that the change in the interstitial radius is not linear across 
the period. The observed nitrogen radius, calculated by subtracting the 
0.86 A radius of Zr^^^z? from the 2.273 A interatomic distance is 1.41 A. 
A similar calculation for ZrN gives a nitrogen radius of 1.43 A.^25 
Compounds with the CsNbgCl^^ structural frameworkis^ 
Over the past several years, an increasing number of octahedral 
metal clusters that require a heteroatom within the cluster for stability 
have been reported within rare-earth and early transition metal 
halides.36-41,59 As a result of these investigations, it is becoming 
increasingly evident that many, but not all, of the previously prepared 
clusters and condensed clusters of these elements that were implicitly 
presumed to be empty actually are interstitially stabilized by small 
nonmetals. Prime examples are Zr^Cl^^,!? SCgClg^o and the rare-earth 
metal monohalidesZ^-z? which are now recognized to be the halide mono-
nitride,so -carbide^i and -hydrides,39'42 respectively. 
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These results also suggest that a vast and largely untapped poten­
tial exists for the preparation of new cluster compounds by the purpose­
ful and systematic addition of potential interstitial elements to 
cluster-forming reactions. The potential lies not only in the ability to 
alter the number of cluster electrons and hence the electronic properties 
of a cluster by changing the interstitial element, but also in an ability 
to generate completely new structural arrangements of clusters and novel 
stoichiometries. The syntheses and structures of KZrgCl^gC and 
CsKZrgCl^gB, as well as the preparation of the related compounds 
RbZrgCl^gC, CsZrgCl^gC, KZrgCljgN, RbgZrgCljgB and CsRbZrgCl^gB, are 
representative of this latter potential.134 /\]i of their structures are 
based on a common (ZrgCl^g)^^6/2 framework, where the ZrgCljg cluster is 
centered by a boron, carbon or nitrogen atom. However, the availability 
and occupation of more than one set of cation sites within this matrix 
generates some interesting variations as well as complications. 
Syntheses Preparations of the M^^ZrgCl^gZ compounds 
typically utilized stoichiometric quantities of Zr powder and ZrCl^ 
together with graphite, boron or ZrNCl and the appropriate M^Cl. A 
small excess of ZrCl^ was added to each reaction to allow for the 
autogenous ZrCl^ pressure (~2 - 4 atm) over the cluster product at 
temperature. The systems were usually heated to 850°C over a 24-hour 
period, equilibrated for two weeks, and then air quenched. The product 
distributions in these reactions are largely controlled by the initial 
ratio of the reactants. For example, RbZrgCl^^B, Rb^Zr^Cl^^B and 
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RbgZrgCl^gB can all be prepared from Zr/ZrCl^/B mixtures simply by 
varying the amount of RbCl present. 
The products obtained under the appropriate conditions were single 
phase as judged by careful examination of Guinier powder diffraction 
patterns and by microscopic inspection of the reaction products. The 
former means that powder data were consistent not only in position, but 
also in intensity with those in the pattern calculated using the indica­
ted lattice constants and positional parameters for the known structure 
type. The high yields, estimated to be in excess of 95% when the correct 
stoichiometric proportions are used, are an important factor in estab­
lishing the identity of the interstitial element since X-ray diffraction 
cannot be counted on to distinguish reliably among light nonmetal atoms 
such as B, C, or N. All of the M^Zr^Cl^g carbides (x = 1) and 
borides (x = 2) occur as black microcrystalline powders mixed with some 
larger well-faceted, very dark-red parallelepipeds. Several of the com­
pounds have also been observed as very thin, dark-red rods or blades, 
apparently formed by slow chemical transport when reactions were run 
under a 20 — 30°C temperature gradient. Recognizable single crystals 
were not obtained for the nitride. Lattice parameters for all of the 
M^Zr^Cl^gZ prepared compounds are given in Table 17. 
Crystallography Two octants of diffraction data were 
initially measured for both KZrgCl^gC and CsKZrgCljgB at room temperature 
using nicely shaped, dark-red rectangular prisms and monochromatic Mo Ka 
radiation. Data were later recollected for CsKZrgCl^gB over four 
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Table 17. Lattice Parameters (A) and Cell Volumes (A^) for the 
CsNbgCljg-type Compounds Studied® 
cation site 
Compound a b c V type' 
KZr^Cl^sC 18.489(5) 13.909(3) 9.690(3) 2492(1) a 
RbZrgCligC 18.468(5) 13.891(4) 9.648(3) 2475(1) b 
CsZrgCligC 18.509(4) 13.923(3) 9.646(2) 2485.6(9) b 
CsKZrgCljgB 18.672(4) 14.026(4) 9.731(2) 2548(1) a+b 
RbgZrgCligB 18.666(2) 14.033(2) 9.757(1) 2555.8(6) a+b 
CsRbZrgCl^gB 18.703(2) 14.087(2) 9.771(1) 2574.4(5) a+b 
KZrgCl^gN 18.292(2) 13.824(1) 9.590(1) 2425.1(5) a 
CsZrgBr^gFe 19.721(3) 14.863(3) 10.265(2) 3009(1) b 
^Guinier powder diffraction data. 
See text. 
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octants. Pertinent details of the data collections are contained in 
Table 18. 
For KZrgCl^gC, a primitive orthorhombic cell was chosen on the basis 
of 12 indexed reflections and was subsequently supported by the layer 
spacings and mirror symmetry seen in axial (Polaroid) photographs taken 
on the diffractometer. Axial photographs of CsKZrgCl^gB taken on the 
diffractometer also confirmed the orthorhombic unit cell expected on the 
basis of Guinier powder diffraction patterns (below) and predicted by 
reflections indexed on the diffractometer. In addition, no evidence 
suggesting a higher or lower space group symmetry or a superlattice for 
the second compound was found on either oscillation or Weissenberg 
photographs. 
The space group Pmma was established on the basis of the systematic 
extinctions apparently observed, an assumed centricity, and the success­
ful refinement of the structure in this space group. 
The structure was solved by Patterson superposition methods 
utilizing the program ALCAMPS^^ for map analysis. Twelve atom positions 
were identified and assigned to five zirconium and seven chlorine atoms, 
these being differentiated by interatomic distances and Patterson peak 
heights. The remaining atomic positions were identified by successive 
cycles of least-squares refinement and calculation of electron density 
maps. The potassium position was initially refined with a chlorine atom, 
but this was later replaced with the cation after it was observed that 
the atom had only chlorine nearest neighbors at distances of ~3.4 A, 
about the sum of the and CI" radii.127 Refinement of the atomic 
101 
Table 18. Summary of Crystal and Diffraction Data for KZr.Cl.C and 
CsKZrgCligB 
KZrgCli;C CsKZr^Cl,,B 0 lb 
Space Group Pmma Pmma 
Z 4 4 
a. A* 18.489(5) 18.672(4) 
b 13.909(3) 14.026(4) 
c 9.690(3) 9.731(2) 
CO 
2492(1) 2548(1) 
Crystal dimen, mm 0.35x0.25x0.15 0.45x0.20x0.15 
Radiation Mo Ka, graphite 
monochromator 
Mo Ka, graphite 
monochromator 
2e (max), deg. 55.0 55.0 
Scan Mode 0) w 
Reflections 
octants h,k,&; -h,-k,& h,k,±£; h,-k,±% 
measured refl. 6613 12553 
observed refl. 4725 7394 
independent refl. 2404 2144 
R(avg), % 4.3 3.3 
w, cm-i 40.9 54.4 
Transm. coeff. range 0.70 - 1.00 0.83 - 1.00 
Secondary ext. coeff. 1.0(2) X 10-4 1.3(3) X 10-5 
R, % 3.1 3.9 
Rw. % 3.2 3.6 
^Guinier powder diffraction data. 
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positions and anisotropic thermal parameters of all atoms, except carbon 
which was refined isotropically, proceeded smoothly and converged at R = 
0.031, = 0.032, after reweighting. Refinement of the K, CI and C2 
occupancies did not result in values significantly different from unity 
(0.976(8), 0.97(3) and 1.06(3), respectively), and these were hence fixed 
at full occupancy. A secondary extinction corrections^ was applied to 
the data after a comparison of [Fo^s I vs iFcgicI showed that the former 
was smaller for a disproportionate number of intense reflections. The 
final difference map was flat to less than ±0.25 e'/A^. 
The structure of CsKZrgCljgB was deduced by a comparison of its 
observed powder pattern with those calculated on the bases of the 
CsNbgCl^g?^ and KZrgCl^gC structures, these differing only in the cation 
sites that are occupied. Least-squares refinement of the zirconium and 
chlorine positional parameters obtained for KZrgCl^gC followed by a 
calculation of a Fourier map clearly showed the occupation of three addi­
tional sites in the lattice, corresponding to both the potassium position 
in KZrgCl^gC (type a) and the two cesium positions in CsNbgCl^^ (type b). 
Isotropic refinement proceeded smoothly fo R = 10.6% with the inclusion 
of the indicated atoms. Boron atoms were included in the centers of the 
two independent clusters at this point and refined isotropically at unit 
occupancy, while the rest of the atoms in the structure were refined 
anisotropically. Simultaneous refinement of the occupancies of the three 
alkali metals, application of a secondary extinction correction, and a 
reweighting of the data set led to final values of R = 0.039 and R^ = 
0.036. The potassium and cesium occupancies converged at somewhat more 
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(1.27(1)) and  slightly less t han  un i t y  (0.937(6) and  0.784(6)), respec­
tively, indicating a small amount of cation mixing between sites (below). 
The final difference map was flat to less than ±0.5 e'/A^. The largest 
peaks, 0.5 and 0.3 e'/A^, were associated with Csl and Cs2, 
respectively. 
The refined thermal ellipsoids for certain atoms in the CsKIr^Cl^gB 
structure indicated further consideration of the structure and its 
refinement was necessary, particularly with respect to supercells or 
lower space group symmetries. In contrast to the KZrgCl^gC structure, 
which shows normal thermal parameters except for the somewhat flattened 
ellipsoids for the interconnected Zr4-C12®"®-C15 atoms along the 
linear cluster chain (mm2 symmetry), the CsKZrgCl^gB refinement provides 
several examples of extreme thermal parameters. Most exceptional are the 
two newly added cesium atoms. The inclusion of the cesium atoms in two 
rather unsymmetrical cavities in the cluster framework (see Structural 
results and discussion) produces highly distorted thermal ellipsoids with 
principal axial ratios (and site symmetries) of 1.7:1:4.1 (mm2) and 
1.3:1:16.1 (2/m) for Csl and Cs2, respectively. Attempts to refine Cs2 
anistropically in two inversion-related sites of equal occupancy failed 
to converge. Less remarkable disparities between principal axes of the 
ellipsoids also appear for other atoms that lie on symmetry elements in 
this space group, namely CI3 (mm2), the bridging atom in the zig-zag 
cluster chain, C14 (2), C18 (m), and C19 (m), with one axis or another 
being 33-44% of the largest. It is noteworthy that the latter group of 
chlorine atoms are all neighbors of one or the other of the cesium atoms 
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that are new to the structure, and their thermal ellipsoids may therefore 
reflect more the character of the cation disposition than an intrinsic 
thermal property. 
The geometric details of the cesium coordination polyhedra will be 
considered later. More important at the moment is the question as to 
whether the "thermal" parameters actually represent a crystallographic 
error in the choice of the unit cell or space group, since the troubled 
atoms all lie on symmetry elements in the space group utilized, Pmma. 
First, a superstructure could not be found by film methods or dif-
fractometer scans. Six apparently new hOO peaks for h odd were detected 
by (o-scans on the diffractometer when t was doubled, but e — Zq scans 
showed these all arose from streaking of the neighboring and strong 
h-even reflections. The raw data sets for both phases were also 
reconsidered. The two octants of data for CsKZrgCl^gB contained ~10% of 
the "extinct" hkO, h = 2n + 1, as weak but observed reflections, in 
particular, five of a possible twelve in the hOO set. Re-examination of 
the potassium data, where averaging in Pmma had not been very good 
(4.3%), revealed that 9 of 78 possible hkO reflections with h-odd were 
observed, all weakly, but in both octants. Six of these were hOO. 
The acentric space group Pmm2 is the only orthorhombic member that 
is consist with these violations and the general features of the struc­
ture. It also removes the centers of symmetry otherwise present at both 
cesium positions. Refinement of the first CsKZrgCl^gB data set in Pmm2 
encountered substantial coupling problems between pairs of Zr, CI and K 
atoms that were formerly identical by inversion, while coupling of the 
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'inversion-related' cesium atoms was significantly less. An R of ~6% was 
obtained by anisotropic refinement of the cesium atoms together with 
alternate sets of the coupled Zr, CI, and K pairs. The Cs2 atom moved 
off the original (0,0,1/2) position by 0.3 A in the (101) direction, but 
it continued to exhibit the problematic thermal ellipsoid seen in Pmma, 
as did the average of the pairs of Csl atoms that were clearly coupled. 
The final difference map in Pmma had shown two small peaks at ±x for Csl, 
suggesting a displacement of the atom from the mirror plane perpendicular 
to t. Further consideration of the apparent problem with Cs2, its 
movement from the inversion center in Pmm2, and the cluster matrix in 
general, also made the two-fold axis along b and the accompanying 
inversion center suspect, if only a refinement in too high a symmetry 
space group was responsible for the observed thermal ellipsoid problems. 
Elimination of the suspect symmetry elements reduces the space group from 
Pmma to P2/m (loss of the t  glide and mirror perpendicular to t )  
and finally to Pm (È unique) (loss of two-fold along S and Ï). 
Refinements of the second (four-octant) data set were then attempted in 
Pmm2, P2/m (b unique), and Pm (È). 
Averaging of equivalent reflections in the new data set gave margin­
ally better results for a monoclinic cell with a unique S axis 
(2.3%), as expected, relative to either of the other monoclinic settings 
(a-unique (3.0%), c-unique (3.0%)) or the original orthorhombic 
cell (3.3%). Unfortunately, refinement of the data in P2/m or Pm 
(È-unique) failed to resolve the apparent ellipsoid problem or 
even to provide a significant improvement over the orthorhombic results. 
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A refinement in P2^/m (l-unique) to check the validity of the mirror 
perpendicular to showed no significant atomic displacements or 
improvement in ellipsoid behavior. A final effort in PÏ also failed 
to provide a solution. In all cases, the ellipsoids for Csl and Cs2 
retained proportions close to those originally refined in Pmma and often 
became larger in magnitude. Atomic positions in all space groups tried 
converged to within 3a of the originally refined positions, except for 
Cs2 in Pm and Pmm2 (above) and Zr4 and C12 in Pm which moved 6 and 8a, 
respectively, off the mirror plane formerly perpendicular to t. 
The results of these considerations leave one with the conclusion 
that particularly the cesium ellipsoids are reflections, in the harmonic 
description, of a real atom disorder in the crystal studied and not an 
error in space group symmetry. The thermal parameters in the potassium 
structure are much more well-behaved and, in fact, give a valuable base­
line from which to better judge the CsKZrgCljgB results. Whatever atom 
displacements are responsible for the weak violations of the t glide 
in Pmma are too small in either structure to be refined by the least-
squares method. 
Structural results and discussion Final positional and 
thermal parameters for KZrgCl^gC and CsKZrgCl^gB are compiled in Tables 
19 and 20, respectively, and relevant interatomic distances are given in 
Tables 21 and 22. Observed and calculated structure factor amplitudes 
are available in Appendices G and H for KZrgCl^gC and CsKZrgCljgB, 
respectively. 
Table 19. Positional and thermal parameters for Klr^Cl^gC 
Atom X y z Bii 
Zrl 0.47012(2) 0.38378(2) 0.34235(3) 1.37(1) 
Zr2 0.61430(2) 1/2 0.41815(5) 1.25(2) 
Zr3 0.33785(2) 0.11656(2) 0.15743(3) 1.62(1) 
Zr4 1/4 0 0.38799(6) 1.70(3) 
Zr5 1/4 0 0.92519(6) 1.80(3) 
Cll 0.43822(5) 0.25078(7) 0.15795(9) 2.41(4) 
C12 1/4 0 0.6571(2) 4.1(1) 
CIS 1/4 1/2 0.6837(2) 1.30(6) 
C14 0 0.24508(9) 1/2 2.22(5) 
CIS 0.43405(7) 1/2 0.1549(1) 2.71(5) 
C16 0.59583(5) 0.37143(6) 0.23619(9) 1.70(3) 
C17 0.33952(4) 0.37381(6) 0.41802(9) 1.43(3) 
C18 1/4 0.25565(9) 0.1505(1) 2.23(5) 
C19 0.44244(7) 0 0.1573(1) 1.62(4) 
Clio 0.34551(5) 0.12701(7) 0.41792(8) 2.33(3) 
CI 11 0.15284(5) 0.12775(7) 0.89612(9) 2.48(4) 
K 1/4 0.2529(1) 0.6691(2) 4.06(8) 
CI 1/2 1/2 1/2 1.6(1) 
C2 1/4 0 0.1562(6) 0.7(1) 
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^22 ®33 BI2 Bi3 ^2 3 
1.48(1) 1.52(1) -0.06(1) -0.08(1) -0.14(1) 
1.48(2) 1.58(2) 0 -0.01(1) 0 
1.49(1) 1.12(1) 0.18(1) 0.02(1) 0.05(1) 
1.53(3) 0.80(2) 0 0 0 
1.59(3) 0.80(2) 0 0 0 
2.17(3) 1.99(3) -0.81(3) 0.31(3) -0.55(3) 
4.0(1) 0.70(6) 0 0 0 
2.82(8) 2.07(7) 0 0 0 
1.47(4) 2.44(5) 0 -0.49(4) 0 
2.27(5) 1.61(4) 0 -0.52(4) 0 
2.37(3) 2.26(3) -0.11(3) 0.26(3) -0.75(3) 
2.07(3) 2.22(3) -0.31(3) 0.01(2) -0.45(3) 
1.44(4) 2.43(5) 0 0 -0.05(4) 
2.09(5) 2.57(5) 0 0.10(4) 0 
2.13(3) 1.33(3) -0.61(3) -0.15(3) -0.22(3) 
2.32(4) 1.28(3) -0.57(3) -0.19(3) -0.15(3) 
3.35(7) 4.02(8) 0 0 -1.06(6) 
Table 20. Positional and thermal parameters for CsKZr CI B 
6 15 
Atom X y z Bii 
Zrl 0.47097(3) 0.38355(4) 0.34042(6) 1.06 (2) 
Zr2 0.61493(4) 1/2 0.4191(1) 0.81 (3) 
Zr3 0.33804(3) 0.11672(4) 0.14675(6) 1.28 (2) 
Zr4 1/4 0 0.3790(1) 1.39 (4) 
Zr5 1/4 0 0.9130(1) 1.69 (5) 
Cll 0.4379(1) 0.2509(1) 0.1551(2) 2.34 (7) 
C12 1/4 0 0.6465(4) 5.0 (2) 
C13 1/4 1/2 0.6869(4) 1.1 (1) 
C14 0 0.2453(1) 1/2 2.06 (9) 
CIS 0.4365(1) 1/2 0.1503(3) 2.15 (9) 
C16 0.59714(8) 0.3711(1) 0.2378(2) 1.36 (5) 
C17 0.33966(8) 0.3747(1) 0.4130(2) 1.07 (5) 
C18 1/4 0.2556(1) 0.1407(3) 1.80 (8) 
C19 0.4427(1) 0 0.1501(3) 1.19 (8) 
Clio 0.34515 (8) 0.1274(1) 0.4093(2) 1.89 (5) 
cm 0.15269(9) 0.1274(1) 0.8856(2) 2.39 (6) 
K 1/4 0.2515(1) 0.6588(2) 3.01 (9) 
Csl 1/4 1/2 0.0911(2) 3.68 (6) 
Cs2 0 0 1/2 9.8 (1) 
B1 1/2 1/2 1/2 1.5 (3) 
B2 1/4 0 0.145(1) 0.6 (3) 
110 
®22 B33 BI2 BI3 ®2 3 
0.94 (2) 1.48 (2) -0.10 (2) -0.08 (2) -0.17 (2) 
0.99 (3) 1.49 (3) 0 -0.02 (2) p 
0.99 (2) 1.05 (2) 0.19 (2) 0.04 (2) 0.01 (2) 
1.04 (4) 0.63 (5) 0 0 0 
1.17 (4) 0.64 (4) 0 0 0 
1.96 (6) 2.05 (7) -1.06 (5) 0.47 (6) -0.75 (5) 
3.8 (2) 0.6 (1) 0 0 0 
2.6 (1) 2.0 (1) 0 0 0 
1.03 (7) 2.33 (9) 0 -0.53 (8) 0 
1.72 (8) 1.62 (9) 0 -0.45 (8) 0 
1.94 (6) 2.28 (7) -0.14 (5) 0.23 (5) -0.74 (5) 
1.48 (5) 2.24 (6) -0.26 (4) 0.08 (5) -0.43 (6) 
0.86 (7) 2.5 (1) 0 0 0.08 (7) 
1.80 (9) 3.0 (1) 0 0.30 (8) 0 
1.62 (5) 1.30 (5) -0.56 (5) -0.19 (5) -0.20 (5) 
2.11 (6) 1.16 (6) -0.65 (6) -0.30 (5) -0.22 (5) 
2.03 (7) 2.83 (9) 0 0 -0.58 (6) 
2.14 (5) 8.7 (1) 0 0 0 
2.19 (7) 19.6 (3) 0 -11.9 (2) 0 
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The structures of KZr"Cl,^C and CsKZr^Cl,are, like those of all 
6 15 6 15 
other known compounds, composed of MgX^g-type clusters with 
unshared, edge-bridging inner halogen atoms (X^), and these are linked 
together through additional, shared terminal halogens atoms (X®"^) 
at every metal vertex. The general arrangement is more succinctly 
described as [MgXi^gjx^'^gyg" The primary structural framework 
for these zirconium chlorides is identical to that of CsNbgClig^z if the 
cations and interstitial atoms are neglected. 
The structure of KZrgCl^gC can be viewed in terms of the two crys­
tal lographical ly independent chains of Zr^Cl^gC clusters that run in 
perpendicular directions and are interlinked by Cll atoms. The illus­
tration in Figure 14 of the two chains in Klr^Cl^gC will also serve as a 
description for CsKZrgCljgB. One chain, parallel to the I axis, is 
split by the mirror plane at y = 1/2 and exhibits bent Cl®"^ link­
ages similar to those in TagCl^g.^ It therefore has a zig-zag appear-
a-a 
ance, with Zr-C13 -Zr angles of ~140 . Each cluster in this chain 
has point symmetry and Zr-Zr distances that average 3.228 A. The 
Zr-C distances in the compound average 2.280 A which, when considered 
with the 0.86 A crystal radius for Zr.iz? gives an effective carbon 
crystal radius of 1.42 A. This value is slightly smaller than the 1.46 A 
radius similarly derived from a number of rock-salt-type transition metal 
monocarbides,3G but is the same as that from Sc^X^gC (X = Br, I),lis and 
slightly larger than the 1.40 A value for the more electron-rich 
ZfelizC':* 
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Figure 14. An approximately [ooï] view of the structure of K[Zr6Cl^i2C]cl^~^5/2 with the t axis 
vertical. The zirconium atoms are connected by heavy lines while the Cl^ atoms have 
been omitted for clarity. One mirror plane parallel to the paper lies in the zig-zag 
-{Zr^C — C13)- chain, and a second one normal to the figure contains the linear 
-{Zr^C — C12)- chain and K. (90% probability thermal ellipsoids.) The small solid and 
open circles mark the Csl and Cs2 (b type) positions, respectively, in CsKZrgCl^^B 
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Table 21. Interatomic distances in KZrgCl^gC (A) 
Cluster 1 Cluster 2 
(zig-zag chain) (linear chain 
Zr-Zr 
Zrl-Zrl (X4)3 3.2329(9) Zr3-Zr3 (x2) 3.2424(9) 
Zrl-Zrl (x4) 3.249(1) Zr3-Zr3 (x2) 3.248(1) 
Zrl-Zr2 (x4) 3.2028(8) Zr3-Zr4 (x4) 3.2028(8) 
Zrl-Zr2 (x4) 3.2303(8) Zr3-Zr5 (x4) 3.2141(8) 
d 3.225 d 3.221 
Zr-C 
Zrl-Cl (x4) 2.2916(5) Zr3-C2 (x4) 2.2949(5) 
Zr2-Cl (x2) 2.2571(7) Zr4-C2 (xl) 2.247(6) 
-
2.2801 
Zr5-C2 (xl) 2.238(6) 
d 
d 2.277 
Zr-Cl^" 
Zrl-C15 (x4) 2.521(1) Zr3-C19 (x4) 2.524(1) 
Zrl-C14 (x4) 2.522(1) Zr3-C18 (x4) 2.527(1) 
Zrl-C17 (x4) 2.527(1) Zr3-C110 (x4) 2.532(1) 
Zrl-C16 (x4) 2.547(1) Zr3-Clll (x4) 2.543(1) • 
Zr2-C17 (x4) 2.516(1) Zr4-C110 (x4) 2.515(1) 
Zr2-C16 (x4) 2.534(1) Zr5-CUl (x4) 2.542(1) 
Zr-Cl®-a 
Zrl-CIl (x4) 2.639(1) Zr3-Cll (x4) 2.632(1) 
Zr2-C13 (x2) 2.696(1) Zr4-C12 (xl) 2.608(2) 
Zr5-C12 (xl) 2.598(2) 
K-Cl 
K-Cll (x2) 3.331(2) 
K-C17 (x2) 3.389(2) 
K-C16 (x2) 3.418(2) 
K-C13 (x2) 3.440(2) 
K-CllO (xl) 3.479(2) 
K-C12 (xl) 3.519(2) 
d 3.419 
^Number of times the distance occurs per cluster or cation. 
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A perpendicular chain runs parallel to the t axis and contains 
highly unusual Zr4-C12^ ^ -Zr5 linkages between clusters that are 
constrained to linearity by symmetry, the three atoms lying on the inter-
section of two mirror planes. This CI atom shows a plate-like 
thermal ellipsoid perpendicular to the chain axis, consistent with either 
a greater thermal motion in what is presumably the most facile direction 
of vibration, or some disordering around or small displacement of the 
chlorine atom from the axial site. The cluster in the linear chain shows 
a 0.05 — 0.06 A compression along the pseudo-four-fold axis of the chain. 
The crystallographically imposed symmetry is The range and 
average of the Zr-Zr distances in this chain are very similar to those in 
the zig-zag member, and the same is true of the Zr-C distances. 
The four remaining terminal Cll atoms form bent bridges (-132°) in 
interlinking the two types of cluster chains and creating the relatively 
open framework shown in Figure 14. These bridges appear equally strong 
so that the network could also be described, with some loss of 
simplicity, in terms of chains of mixed cluster types connected by Cll. 
The Zr-Cl^ distances in both clusters are typical and about the 
sum of the six-coordinate crystal radiiiz? for and CI", 2.53 A. The 
cl""3 
Zr-Cl distances are somewhat longer, as is usual, 2.70 A in the 
zig-zag chain, 2.60 A in the linear chain, and an intermediate 2.64 A for 
those interconnecting the two chains. 
The potassium atom is situated in a ten-coordinate position of 
mirror symmetry (type a) that is centered between a pair bridging 
CI®"® atoms from the linear and zig-zag chains and also contains 
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eight Cl^ atoms from four clusters, two in each chain. As shown in 
Figure 15, the coordination sphere around the potassium is a distorted 
bicapped cube, the capping CI®"® atoms lying over opposite faces. 
The K-Cl distances tabulated in Table 21 average 3.42 A, nearly equal to 
the sum of the appropriate crystal radii, 3.40 A.iz? 
In addition'to the site occupied by the potassium atom, two other 
potential cation sites exist within the interlinked cluster framework. 
These each have half the multiplicity and are used exclusively when a 
larger cation is present. Such is the case in the parent structure 
CsNbgClj^g, where these two sites are fully occupied and the smaller 
potassium site is completely empty.7% It is evident from a comparison of 
calculated and observed Guinier powder diffraction patterns that both 
RbZr.Cl C and CsZr.Cl _C also adopt this alternate placement of cations 6 15 6 15 
(Appendix I). The observed decrease in the unit cell volume between 
KZr^Cl^C and these two heavier analogues (Table 17) is also consistent 6 15 
with the occupation of the larger, alternate set of cation sites. The 
nature of the larger cation sites will be examined in detail in connec­
tion with the structure of CsKZrgClj^gB. 
CsKZrgCl^gB has been studied by single crystal X-ray diffraction in 
order to confirm the occupation of and the ordering between the cation 
sites. Structurally, CsKZrgCl^gB exhibits the same orthorhombic symmetry 
and metal-halogen skeleton as do KZrgCl^gC and CsNbgCl^g, Figure 14. The 
difference lies, as expected, in the identity of the interstitial atom 
with the resulting changes in distances and in the simultaneous occupa­
tion of all three cation sites. The Zr-Zr and Zr-Cl^ distances are all 
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Figure 15. The potassium surroundings in KZrgCl^gC (and CsKZrgCl^gB), 
with chain-bridging C12 and C13 at top and bottom, 
respectively. A vertical mirror plane lies normal to the 
drawing (50% ellipsoids) 
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Table 22. Interatomic distances in CsKZrgCl^gB (A) 
Cluster 1 Cluster 2 
(zig-zag chain) (linear chain 
Zr-Zr 
Zrl-Zrl (x4) a 3.267(1) Zr3-Zr3 (x2) 3.274(1) 
Zrl-Zrl (x4) 3.289(1) Zr3-Zr3 (x2) 3.288(1) 
Zrl-Zr2 (x4) 3.2370(9) Zr3-Zr4 (x4) 3.239(1) 
Zrl-Zr2 (x4) 3.274(1) Zr3-Zr5 (x4) 3.249(1) 
d 3.263 d 3.256 
Zr-B 
Zrl-Bl (x4) 2.3179(6) Zr3-B2 (x4) 2.3201(6) 
Zr2-Bl (x2) 2.2860(8) Zr4-B2 (xl) 2.227(1) 
d 2.3073 
Zr5-B2 (xl) 2.26(1) 
d 2.302 
Zr-Cl^ 
Zrl-C15 (x4) 2.550(2) Zr3-C19 (x4) 2.549(2) 
Zrl-C14 (x4) 2.543(2) Zr3-C18 (x4) 2.549(2) 
Zrl-C17 (x4) 2.555(2) Zr3-C110 (x4) 2.563(2) 
Zrl-C16 (x4) 2.565(2) Zr3-Clll (x4) 2.552(2) 
Zr2-C17 (x4) 2.545(2) Zr4-CU0 (x4) 2.537(2) 
Zr2-C16 (x4) 2.548(2) Zr5-Clll (x4) 2.562(2) 
Zr-C1*-* 
Zrl-Bl (x4) 2.663(2) Zr3-Cll (x4) 2.651(2) 
Zr2-Bl (x2) 2.725(2) Zr4-C12 (xl) 2.603(4) 
d 2.3073 Zr5-C12 (xl) 2.593(4) 
K-Cl d 2.302 
K-Cll (x2) 3.347(2) Cs-Cl 
K-C17 (x2) 3.393(2) Csl-C18 (x2) 3.462(2) 
K-C16 (x2) 3.460(2) Csl-C15 (x2) 3.530(2) 
K-C13 (x2) 3.476(2) Csl-C13 (xl) 3.933(4) 
K-CllO (xl) 3.496(2) Csl-C17 (x4) 3.963(2) 
K-C12 (xl) 3.529(2) d 3.752 
d 3.438 Cs2-C14 (x2) 3.440(2) 
Cs2-Cll0 (x4) 3.511(2) 
Cs2-C19 (x2) 3.569(3) 
d 3.508 
^Number of times the distance occurs per cluster or cation. 
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slightly longer than in the carbide, a result of the cluster expansion 
necessary to accommodate the larger boron interstitial. The Zr-B dis­
tances average -2.31 A, giving as before, an effective crystal radius of 
1.45 A for boron, slightly larger than that seen for carbon. Relatively 
few simple borides exist without B-B bonding, making a meaningful com­
parison of the observed Zr-B distance with other structures difficult. A 
small sample of NaCl-type zirconium and hafnium borides, mixed boride 
nitrides and boride carbides^^s yields an effective boron radius of 1.46 
A, which compares nicely with the observed boron radius in these and 
other zirconium chloride cluster phases like ZrgCl^^B, KgZrgCl^gB and 
The crystallographic results for CsKZrgCl^gB clearly show that all 
three cation sites in the structure are occupied. The refined nominal 
occupancies, 1.27(1), 0.937(6), and 0.784(6) for neutral atoms in the 
smaller potassium site (a) and the two larger cesium sites (b), respec­
tively, are indicative of a small amount of cation mixing, primarily 
between the K and Cs2 positions. Consideration of the atomic numbers, 
multiplicities and refined occupancies indicates that, as a whole, the 
present structure contains 71.5 e"/formula unit for the cations compared 
with the expected value of 74 e" for the indicated composition. These 
occupancies allow estimates of the cation distribution among sites, 
namely, ~14% cesium on the potassium site and ~10% potassium on the Csl 
site and -33% on the Cs2 site. 
Dimensionally, the smaller site occupied by potassium in the boride 
is nearly identical to the corresponding position in KZrgCl^gC, the 0.02 
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A increase in the average K-Cl distance probably reflects the expansion 
of the anion matrix associated with the larger boron interstitial. 
The pair of contrasting type (b) cation positions are quite inter­
esting because of the very unusual coordination environment each provides 
for the larger cesium cations. Their locations are marked in Figure 14 
by small solid and open circles for Csl and Cs2, respectively. The Csl 
site is approximately square pyramidal in shape, as shown in more detail 
in Figure 16. It lies on the intersection of two mirror planes at 
1/4,1/4,z and is approximately centered between C18 atoms on clusters in 
adjacent linear chains. The atom sits ~0.5 A above the least-squares 
plane of CIS and C18 atoms that form the base of a square pyramid (planar 
within ±0.05 A) with Zr-Cl distances of 3.463(3) and 3.531(3) A. The sum 
of six-coordinate radii is 3.48 A.iz? The fifth atom at the apex of the 
pyramid, CI3, lies directly over the cesium atom at a distant 3.935(5) A, 
leaving the cation essentially four-coordinate. Four additional CI7 
atoms lie in a plane below the pyramid base at comparable distances of 
3.960(3) A from the cesium atom. The value for cesium along the 
pseudo-four-fold axis of the pyramid is about three times the average 
perpendicular value, a plausible result. 
In CsNbgCljg,''2 the cesium atom sits nearly 0.5 A higher above the 
pyramidal base, correspondingly shortening the distance to the apex 
* 
chlorine and giving five more nearly equal Cs-Cl distances. This 
striking difference between the two compounds appears to be largely a 
consequence of the change in the size of the interlinked cluster matrix, 
the dimensions of the average Zr^Cl^^B cluster being 10 — 15% greater 
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Figure 16. The Csl site in CsKZrgCl^gB. The t axis is vertical, the 
C15 and C18 atoms lie on perpendicular mirror planes, and 
Cl3 at the top bridges betweem clusters in the zig-zag chain 
(50% ellipsoids) 
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than those of the niobium analog. The increased cluster size creates 
increased nonbonded Cl-Cl distances and larger voids, particularly 
between chlorine atoms on different clusters such as the basal CI5 and 
C18 atoms in the pyramid. This requires that the cesium atom in the 
zirconium phase move closer to the pyramid base in order to retain four 
comparable Cs-Cl distances, but at the expense of the one coulombic 
interaction with the apex chlorine atom. 
The second cesium atom is even more unusual in its coordination 
geometry. As shown in Figure 17, it resides in or near an eight-
coordinate position of 2/m symmetry along ci and midway between linear 
cluster chains. Four C19 and two CllO atoms from clusters within those 
chains form a very elongated trigonal antiprism with Cs-Cl distances of 
3.514(2) A [x4] and 3.566(3) A [x2]. The two remaining C14 atoms that 
also bridge cluster edges within the zig-zag chain lie on a two-fold axis 
normal to the long axis of the antiprism and give the shortest Cs-Cl dis­
tances, 3.440(2) A. There are no other neighbors within 4.8 A. The Cs2 
atom in such an asymmetric environment refines with the extremely elon­
gated ellipsoid shown that protrudes out opposite faces of the trigonal 
antiprism perpendicular to the (pseudo) 3 axis. An alternate 
description, which better illustrates the unusual coordination about the 
cesium atom, starts with the note that the cesium atom lies in a rigorous 
plane of six chlorine atoms. The remaining C19 atoms lie on a line 
through the cesium atom that intersects the plane of the six chlorine 
atoms at an angle of -55°. The cesium ellipsoid is elongated essentially 
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Figure 17. The cesium(2) site in CsKZrgCl^gB as refined in space group 
Pmma. A mirror plane through Cs2 and C19 lies approximately 
in the plane of the paper with a two-fold axis through C14 
and Cs2 (50% ellipsoids) 
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perpendicular to the plane, but slightly canted away f rom the  C19 atoms 
lying above and below it. 
A larger view of the surroundings about the Cs2 site is shown in 
Figure 18 in terms of just the chlorine atoms in neighboring clusters. 
The Figure emphasizes that the structural framework defining the Cs2 
cavity leaves the site tightly girded around the waist, but relatively 
open in the [101] direction. Some twisting (torsion) of the host matrix 
can also be imagined, particularly if the problem cation were to order, 
and a harmonic description of the cation distribution may not be suit­
able. The apparent disorder of a cation at this site is thus a logical 
consequence of the structure, a problem that should extend to other com­
pounds that utilize this site, i.e., RbZrgCl^gC, CsZrgCl^gC, RbgZrgCl^gB 
and CsRbZr^Cl,^B. The same disorder occurs in CsZr^Cl,^Fe^^ where there 
6  1 5  6  1 5  
are even larger clusters, and should also occur in CsZrgBr^gFe unless the 
present potassium site becomes sufficiently large to accommodate cesium. 
The most simplistic view of the refinement results for the two 
cesium sites, particularly the second, is that a number of positions are 
occupied in the asymmetric array produced by a somewhat flexible anion 
matrix. The collection of problem thermal ellipsoids found at first 
suggested that the structure had been refined with too high an imposed 
symmetry, but no solution could be found in any of the lower symmetry 
space groups that were consistent with the general character of the 
structure (see Crystallography). A plausible but presently unprovable 
explanation of these difficulties is that all of the crystals available 
are twinned via alternative displacements of cations, Cs2 in particular. 
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Cs 2 
Figure 18. A larger, approximately [010] view of the Cs2 site between 
polyhedra defined by chlorine atoms on neighboring clusters. 
Small circles are cluster-bridging Cl^'^; larger ellip­
soids are the nearest neighbor CI^ atoms in Figure 17. The 
solid lines define chlorine polyhedra and their contacts, not 
bonds 
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and this is accompanied by small shifts of the neighboring chlorine 
environment and possibly some small twisting of the cluster matrix as 
well. Some probable potassium occupancy of the Cs2 site is an additional 
complication. Fortunately the KlrgCl^gC example is well-behaved so as to 
better define the structural arrangement. 
The structure described here represents first a new arrangement for 
some old examples, namely M.X,„ clusters interconnected at all vertex 
positions by bridging halides to give an (M6^i2)'^6/2 stoichiometry. The 
present arrangement is evidently generated so that alkali metal cations 
can also be accommodated, but the sites available within this cluster 
anion framework do not always provide ideal environments for that pur­
pose, as first shown for CsNbgCl^g.^2 This particular structure is also 
unusual because it furnishes one of the few examples of linearly bridged 
clusters -(ZrgCligZj-Cl- in the metal halide systems. Equally important, 
the necessity of an interstitial atom within the cluster introduces a new 
variability to the chemistry possible. 
The presence of two sets of cation sites that are separately and 
completely occupied in KZrgCl^gC and CsNbgCl^g depending on the cation 
size, first provided the impetus to prepare compounds containing two dif­
ferent cations, one on each set. The addition of another cation within 
the framework might be achieved by either a one-electron reduction of 
each cluster or by a compensating increase in nonmetal charge. The addi­
tion of another electron to the cluster bonding orbitals seemed unlikely 
based on our experience with numerous zirconium chloride clusters as 
these show a marked proclivity for 14 cluster-bonding electrons.60 
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Attempts to add additional electrons often produced a compensating 
increase in the Cl:Zr ratio in the phase even under mildly reducing con­
ditions, although a few 15-electron clusters have been recently obtained, 
the present KZrgCl^gN among them. Although an increase in nonmetal 
charge without a change in electron count could potentially be accom­
plished by substitution of chalcogenide for chloride, the replacement of 
the interstitial carbon atom with boron is operationally much more 
facile. Indeed, reactions with halides of the cation pairs CsRb, CsK, 
and Rbg all proceed readily in the presence of boron and give essentially 
quantitative yields of in the desired structure. 
K_Zr.Cl,_B and K,Zr_C1,_Be: two new interrelated M.X,_ structures 
Z b 15 3 o 15 b 15 
The TagCl^g and Nb^F^^ structure types with 
connectivity have been known for some time.^'5 More recently, a series 
of compounds with the structural framework of a third MgX^g structure, 
CsNbgCl^g, but with a much more diverse cation and interstitial chemistry 
have been prepared.72,134 The known structure types, although 
related by their common local connectivity, show a diversity in their 
structural chemistry in virtually every other aspect; from the local 
geometry around the intercluster bridging X^'® atoms which can be 
all bent, all linear, or a combination thereof, to the accommodation of a 
variety of cations, to the larger three-dimensional connectivity of the 
structure. The diversity of this group is further enhanced by two new 
compounds, K^Zr^Cl^gB and KgZrgCl^gBe, which represent new structure 
types in the MgX^g family. Both structures show a combination of struc­
tural features found in the other three cluster frameworks and yet are 
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unrelated to any of them in a larger three-dimensional sense. Interest­
ingly, however, KjZrgCl^gB and KgZrgCl^gBe are related to one another in 
this three-dimensional connectivity, such that the latter can be viewed 
as a monoclinic distortion of the former. 
Synthesis KgZrgCl^gB was initially prepared as the major 
product in a reaction designed to explore the limits of stability of the 
CsNbgCljg structure with different pairs of cations. The reaction, run 
at 850°C for 29 days before being air quenched, was loaded with stoi­
chiometric amounts of Zr powder, ZrCl^, KCl and amorphous boron powder. 
The yield of the dark red, crystalline material was estimated to be 
greater than 95%. The slightly reducing conditions created by the ZrCl^ 
used to maintain the autogenous pressure over the product appears to 
facilitate the preferential formation of K^Zr^Cl^^B over KZr^Cl^^B and 
KgZrClg. 
The isostructural 13-electron cluster K^Zr^Cl ^Be was prepared from 2 0 15 
stoichiometric amounts of Zr powder, ZrCl^, KCl and Be flakes at 
800-850°C over a 2-3 week period. Yields near 95% were often obtained. 
As with other 13-electron zirconium chloride clusters, the autogenous 
ZrCl^ pressure over K^Zr^Cl^^Be at reaction temperature was somewhat 
larger than that for comparable 14-electron cluster compounds. 
KgZrgCligBe is often found as a minor product in preparations of 
KZrgCli,Be. 
KgZrgCl^gBe was prepared while attempting the synthesis of 
'Kj^ZrgCljgBe' by the direct reaction of stoichiometric quantities of Zr 
powder, ZrCl^, KCl and Be flakes at SOO'C. The reaction, which was 
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quenched after 21 days, contained a mixture of K^Zr^Cl^gGe and K^ZrClg. 
RbgZrgCligBe forms under similar conditions. Both compounds were 
obtained in ~95% yields. Crystals from reactions to prepare KgZrgCligBe 
or RbgZrgCljgBe were often severely intergrown, although single crystals 
large enough for X-ray diffraction work could be found or chipped from 
the intergrown masses. 
Partial occupancy of the cation sites, at least in the case of 
KgZrgCl^gBe, does not appear to occur. A reaction to prepare 
K Zr CI Be yielded an approximately 50:50 mixture of K Zr CI Be and 
2.5 6 15 2 6 15 
KgZrgCl^gBe. Lattice parameters of the K^Zr^Cl^^Be obtained were not 
significantly different from those measured for material prepared with 
excess KCl. 
Lattice parameters of the compounds prepared in the K^Zr^Cl^^B and 
KgZrgCligBe structure types are given in Table 23. 
Crystallography Single crystal X-ray diffraction data for 
K2ZrgCli5B and K^ZrgCl^gBe were collected on small, dark red, rectangular 
prisms of the compounds using monochromatic Mo Ka radiation and variable 
rate w-scans. The orthorhombic and monoclinic cells chosen, respec­
tively, for KgZrgCl^gB and KgZrgCl^^Be, were derived from sets of tuned 
low angle reflections using the program BLIND.126 Axial photographs 
taken on the diffractometer were consistent with the calculated cells 
both in terms of layer spacings and Laue symmetry. Pertinent details of 
the data collections are given in Table 24. 
For KgZrgCl^gB the space group symmetry of Cccm was chosen on the 
basis of the observed systematic extinctions and an assumed centricity 
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Table 23. Lattice parameters of compounds in the K Zr CI B and 
KgZrgClisBe structure types® 
Compound a b c 0 V 
11.386(1) 15.980(1) 14.008(1) 90.0 2548.6(4) 
K^Zr^Clj^Be" 11.446(1) 16.108(3) 14.097(1) 90.0 2599.1(6) 
KjZr-jClisBe'^ 16.372(2) 11.396(2) 14.071(1) 92.74(1) 2622.2(6) 
RbjZrjCljjBe'^ 16.473(2) 11.555(1) 14.083(2) 93.14(1) 2676.6(6) 
^Guinier powder diffraction data, axial lengths 
cell volumes in A^. 
"KglrgCl^gB structure, orthorhombic. 
^-KgZrgCl ^ gBe structure, monoclinic. 
are in A, and 
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Table 24. Summary of crystallographic data for K^Zr^Cl^^B and 
KgZrgCligB 
Space Group Cccm C2/C 
Z 4 4 
a, 11.386(1) 16.372(2) 
b 15.980(1) 11.396(2) 
c 14.008(1) 14.071(1) 
e, deg. 90.0 92.74(1) 
V, A3 2548.6(4) 2622.2(6) 
Crystal dimen., mm 0.20x0.13x0.35 0.15x0.20x0.20 
Radiation Mo Ka, graphite Mo Kct, graphite 
monochromator monochromator 
2 e ( m x ) ,  deg. 55.0 55.0 
Scan Mode w w 
Reflections 
octants hk±£ h,±k,±& 
measured refl. 2925 12192 
observed refl. 1772 5232 
independent refl. 977 2651 
R(ave), % •1.9 2.6 
y, cm'i 41.7 42.1 
Transm. coeff. range 0.73 - 1.00 0.78 - 1.00 
Secondary ext. coeff. 1.4(2)xlO-4 7(6)xl0-7 
R, % 3.3 4.8 
R(w), % 4.1 3.2 
^Guinier powder diffraction data. 
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which was supported by a Wilson plot and later confirmed by the struc­
tural refinement. The initial atomic coordinates were determined by 
direct methods using the program MULTAN-80.95 Four randomly oriented 
octahedral zirconium clusters were included as input into MULTAN-80 to 
aid in the normalization process. An earlier attempt to solve the 
structure by direct methods without 'molecular fragments' had given a 
partial solution (Zr^ butterflies), but had incorrectly assigned the 
origin which prevented a complete solution. The correct solution, 
obtained using 'molecular fragments', translated the origin by 
(1/4,1/4,0) and gave octahedral Zrg clusters. 
The structure was initially calculated by Fourier synthesis using 
only the two 'heaviest' atoms obtained from MULTAN-80 which were assumed 
to be Zr atoms. Successive cycles of least-squares refinement and elec­
tron density map calculations located the remaining atoms in the struc­
ture and identified the composition as K^Zr^Cl^^B. The expected boron 
interstitial atom was included in the refinement after an approximately 
5-electron residual was observed at the cluster center following iso­
tropic refinement of all atoms in the structure. The refinement 
converged to R = 0.033 and R„ = 0.041 after application of a secondary 
extinction correction and a statistical reweighting of the data set. The 
occupancies of B, Kl, and K2 refined to 0.99(7), 0.99(1) and 0.92(2), 
respectively. 
The K2 atom, which occupies a site of 2/m symmetry, shows a somewhat 
elongated thermal ellipsoid in the Î direction. The elongation is 
apparently a consequence of the local chlorine environment which creates 
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a long cylindrical cavity similar, in many respects, to the Cs2 site in 
CsKZrgCligB.is^ /\ reduction in symmetry to a monoclinic space group 
seems unwarranted on the basis of the mirror symmetry seen in the axial 
photographs, the excellent R of data averaging and the quality of the 
refinement. A refinement of the structure was attempted in the 
monoclinic space group C2/c, however, to look for signs of the type of 
distortion seen in KgZrgCl^gBe (the t and b axes of the orthorhombic 
cell have to be interchanged in C2/c). Although the K2 atom was not 
allowed to move from the inversion center, refinement of the remaining 
atoms under the reduced symmetry conditions showed no deviation from the 
orthorhombic symmetry of Cccm. The final difference map was flat to less 
than ±0.4 e'/A^. The K2 portion showed positive 0.3 e" peaks at each end 
in the Ê direction. 
For KgZrgCljgBe, the monoclinic space group C2/c was chosen on the 
basis of the observed systematic extinctions and later confirmed by the 
successful refinement of the structure in the space group. 
Three zirconium positions were found by direct methods,95 while the 
remainder of the atoms in the structure were located in subsequent 
Fourier maps. The Be atom, an approximately 3-electron residual in the 
cluster center, was included in the model following isotropic refinement 
of the Zr, CI and K atoms. Simultaneous refinement of the occupancy  o f  
the Be site and the corresponding thermal parameter (B) gave values of 
1.08(5) and 1.5(3), respectively. The occupancy of K1 refined to 
0.999(7) and that of K2 to 1.00(1). The final residual factors for the 
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structural refinement following a correction for secondary extinction and 
a reweighting of the data set were R = 0.048 and = 0.032. 
Atomic coordinates and thermal parameters are given for K^Zr^Cl^gB 
and KgZrgCl^gBe in Tables 25 and 26, respectively. Structure factor 
amplitudes are tabulated in Appendix J for KgZrgCl^gB and Appendix K for 
Ks^rgCl^gBe. 
Structure and Discussion The structures of K^ZrgCl^gB and 
KgZrgCl^gBe, like that of KZrgCl^gC.is^ show a combination of bent and 
linear Cl®~® bridges between cluster units. Unlike KZrgCl^gC, how­
ever, both KgZrgCl^gB and KgZrgClj^Be are built-up of only linear cluster 
chains which are interconnected into a three-dimensional array by addi­
tional bent Cl^"® bridges. One-third of the intercluster Cl^-a 
bridges are linear compared with one-sixth in KZrgCl^gC. Important 
differences also exist between K^ZrgCl^^B and K^ZrgCl^gBe. Bonding 
distances in KgZrgCljgB and KgZrgClj^Be are tabulated in Tables 27 and 
28, respectively. 
The linear cluster chains in KgZrgCl^^B are packed to give a criss­
crossing pattern of chains when viewed down the t axis as shown in 
Figure 19. The criss-crossing linear chains intersect in projection at 
an angle of -109°. The Zr-Cl®"®-Zr bridge in the linear cluster 
chain is constrained to linearity by the crystallograhically imposed 2/m 
symmetry of the Cl^"^ site. Interestingly, the linear chain is very 
slightly puckered, however, because the Zr-Cl^~® bond in the linear 
bridge comes into the cluster pointed 2.6° off center, i.e., the 
Ci^"®-Zr-B angle is 177.4°. Similar deviations from linearity of 
Table 25. Positional and thermal parameters for KgZrgCl^gB 
Atom X y 2 Bii 
Zrl 0.86207(9) 0.13199(6) 1/2 1.27(4) 
Zr2 0.36805(5) 0.19108(4) 0.11677(4) 1.21(2) 
Cll 0.5078(2) 0.3173(1) 0.1261(1) 0.86(6) 
C12 0.2517(2) 0.0545(1) 0.1290(1) 1.38(6) 
C13 1/4 1/4 0.2557(2) 1.11(8) 
C14 0.5121(2) 0.1232(2) 0 1.0(1) 
CIS 0 0 0 2.3(2) 
C16 1/2 0.1217(2) 1/4 2.2(1) 
Kl® 1/2 1/2 1/4 3.9(2) 
K2^ 1/4 3/4 0 2.1(2) 
gC 1/4 1/4 0 1.0(4) 
^Occupancy refined to 0.99(1). 
Occupancy refined to 0.92(2). 
^Occupancy refined to 0.99(7). 
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1.33(4) 1.17(3) 0.38(3) 0 0 
1.53(3) 1.14(2) -0.15(2) -0.22(2) 0.13(2) 
1.54(7) 1.27(6) -0.42(6) -0.55(6) 0.13(6) 
1.26(6) 1.58(7) -0.52(6) -0.46(6) 0.57(5) 
2.5(1) 0.57(8) -0.04(9) 0 0 
1.9(1) 1.5(1) 0.55(9) 0 0 
1.6(2) 3.2(2) -1.4(2) 0 0 
1.2(1) 1.7(1) 0 -1.3(1) 0 
2.6(2) 2.6(2) 0 0 0 
11.2(6) 3.5(3) -0.2(3) 0 0 
Table 26. Positional and thermal parameters for KgZrgCl^gBe 
Atom X y z Bii 
Zrl 0.13369(3) 0.13509(4) 0.49888(3) 1.05(2) 
Zr2 0.30275(3) 0.14997(4) 0.63509(3) 1.21(2) 
Zr3 0.68798(3) 0.11323(4) 0.09790(4) 1.29(2) 
Cll 0.81105(9) 0.0324(1) 0.6017(1) 2.15(6) 
C12 0.55011(8) 0.2270(1) 0.1027(1) 1.39(5) 
C13 0.26559(9) 0.2165(1) 0.24632(9) 2.44(6) 
C14 0.37599(9) 0.0091(1) 0.0409(1) 2.68(6) 
C15 0 0 0 1.73(8) 
C16 0.37684(9) 0.9534(1) 0.2891(1) 1.86(5) 
C17 0.32483(8) 0.4843(1) 0.3530(1) 1.75(5) 
C18 0.06513(9) 0.2234(1) 0.3478(1) 1.66(5) 
Kia 0 0.0615(3) 3/4 6.0(2) 
K2b 0.1140(1) 0.2448(1) 0.0674(1) 3.83(9) 
BeC 3/4 1/4 0 1.5(3) 
^Occupancy refined to 0.999(7). 
^Occupancy refined to 1.00(1). 
^Occupancy refined to 1.08(5). 
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1.02(2) 0.98(2) -0.30(1) -0.02(1) 0.04(1 
1.03(2) 0.79(2) -0.10(2) -0.08(1) 0.14(1 
0.95(2) 0.90(2) 0.02(1) 0.09(1) 0.12(1 
1.53(5) 1.83(6) -0.56(4) 0.45(4) -0.68(4 
1.73(5) 2.08(6) 0.11(4) 0.45(4) 0.32(4 
1.46(5) 0.90(5) 0.10(4) 0.06(4) -0.10(4 
1.60(5) 1.44(5) -0.86(5) -0.10(4) -0.04(4 
2.40(9) 3.6(1) 1.30(7) -0.03(7) -0.23(8 
1.83(5) 1.41(5) 0.21(4) -0.11(4) -0.74(4 
1.41(5) 1.42(5) -0.37(4) -0.20(4) 0.48(4 
2.25(6) 1.62(5) -0.64(4) -0.59(4) 0.68(4 
5.0(2) 4.0(1) 0 2.7(2) 0 
2.44(7) 4.39(9) -0.36(6) 0.13(7) 0.04(6) 
Zr 1., 
Zr 2 
CI 6 
b 
Figure 19. An approximately [00Î] view of the structure of K^Zr^Cl^^B with Cl^ atoms 
omitted for clarity. The Zr^B clusters are outlined. Cl^~® atoms are drawn as 
open ellipsoids and K atoms as crossed-ellipsoids. Thermal ellipsoids are 90% 
probability 
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Table 27. Bond distances in K^ZPgCl^^B (A) 
IT-IT 
Zrl-Zr2 (x4)* 3.230(1) 
Zrl-Zr2 (x4) 3.267(1) 
Zr2-Zr2 (x2) 3.271(1) 
Zr2-Zr2 (x2) 3.282(1) 
d 3.253 
Zr-B 
Zrl-B (x2) 2.277(1) 
Zr2-B (x4) 2.3170(6) 
d 2.304 
Zr-Cl^ 
Zrl-Cll (x4) 2.555(2) 
Zrl-C12 (x4) 2.546(2) 
Zr2-Cll (x4) 2.573(2) 
Zr2-C12 (x4) 2.559(2) 
Zr2-C13 (x4) 2.546(2) 
Zr2-C14 (x4) 2.558(2) 
Zr-Cia-a 
Zrl-C15 (x2) 2.630(1) 
Zr2-C16 (x4) 2.640(1) 
K-Cl 
Kl-Cll (x4) 3.397(2) 
K1-C12 (x4) 3.441(2) 
K1-C15 (x2) 3.5020(3) 
d 3.436 
K2-C14 (x2) 3.383(3) 
K2-C13 (x2) 3.422(2) 
K2-C11 (x4) 3.447(2) 
d 3.425 
^Number of times the distance occurs per cluster or cation. 
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the Cl^~®-Zr-interstitial angle are observed in practically all 
other cluster compounds. In this case, the deviation may play a role in 
relieving what appears to be a compression down the linear chain. In 
KZrgClisC and CsKIrgCligB where no mechanism exists for a tilting of the 
cluster because of the imposed crystallographic symmetry, a more severe 
flattening of the thermal ellipsoids of the atoms in the chain, particu­
larly for the intercluster bridging C12^ ^ atom, is seen.is^ 
In KgZrgCljgB, the potassium atoms reside in two crystallographi-
cally distinct sites. K1 lies between adjacent linearly bridging 
Cl®"^ atoms on 2-fold axes parallel to Î. The atoms are arranged 
to give infinite strings of ...C15®"®-K1-C15^"®-K1... down the 
edges and center of the cell in the a direction (Figure 19). The 
local environment of Kl, shown in Figure 20, is composed of ten chlorine 
atoms in a polyhedron with 222 symmetry (D^j) which can be visualized 
as a distorted bicapped square antiprism. The K-Cl distances are 
typical, about the sum of the ten-coordinate K  and C I  crystal r a d i i . 1 2 7  
The K2 site is more unusual and lies midway between [Zr^Cl^^gB] 
clusters in t. The site, with 2/m symmetry, is bounded by eight 
inner chlorine atoms in the form of a highly elongated trigonal anti-
prism. Two of the long edges of the antiprism are bridged in a trans-
fashion by C13 atoms at intermediate distances of 3.422(2) A. The local 
chlorine geometry around the K2 atom, shown in Figure 21, is very similar 
to the Cs2 site in CsKZrgCl^gB.is** The nearest chlorine neighbors of K2 
out opposite faces of the trigonal antiprism in the S direction are over 
5 A away. Just as with Cs2 in CsKZrgCligB, the K2 atom is elongated 
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Cl 6 
Cl 2 
Figure 20. The local chlorine environment around Kl in KgZrgCljgB. The 
site has 222 symmetry with two-fold axes running vertically 
and horizontally in the figure and perpendicular to the page. 
Thermal ellipsoids are drawn at 50% probability 
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Figure 21. The chlorine environment around K2 in KgZrgCl^gB. The site 
has 2/m symmetry with CI3 and K2 on the axis, and the mirror 
plane containing C14 approximately in the plane of the paper. 
The site is very similar to the Cs2 site in CsKZrgCl^^B. 
Thermal ellipsoids are drawn at 50% probability 
143 
out opposite faces of the antiprism in the S direction, apparently 
a consequence of the structural framework. The ratios of the principal 
axes for K2 are 1:5.3:1.7. 
The ZrgCl^gB cluster has crystallographically imposed 2/m (C^^) 
symmetry. The two metal triangular faces perpendicular to t are 
nearly equilateral, but have been displaced with respect to one another 
to give four shorter (3.230 A) and two longer (3.282 A) interlayer Zr-Zr 
distances per cluster. The average Zr-Zr distance of 3.253 A is typical 
of boron-centered metal chloride clusters.^o,134 The calculated effec­
tive boride crystal radius, obtained by subtracting the tabulated 0.86 A 
value for six-coordinate Zr^z? from the average Zr-B distance of 2.304 A, 
is 1.44 A. 
An alternative approach to the structure of K^Zr^Cl^gB is to view it 
as a close-packed array of chlorine layers with an ordered occupancy of 
octahedral sites between layers by zirconium. The chlorine layers which 
are clearly visible in Figure 19 stack in the t direction. Unlike 
other structures which have been previously described in terms of the 
close-packed anion layers,,23,56 the individual layers in K^Zr^Cl^gB 
are not close-packed. Rather, two distinct 'modified' close- packed nets 
are seen in KgZrgClj^gB. One net, designated A' and A", contains all of 
the K1 and Cl^"® atoms (CI5 and CI6) and some of the CI^ atoms and 
is located at x = 0 and 1/2. The layer is composed of strips of 
close-packed atoms which come together to form seams of square packing. 
The arrangement of atoms in A' is projected on x = 0 in Figure 22. The 
A" layer, at x = 1/2, has the same square net seam translated by b/2. 
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Figure 22. A [100] projection on x = 0 of the modified close-packed 
layer of atoms designated A'. The square net formed where 
the strips of close-packed atoms come together runs down the 
center of the projection. The open ellipses are chlorine 
atoms and the crossed ellipses K1 atoms 
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Figure 23. A [100] projection on x = 1/4 of the expanded close-packed 
layer of atoms designated B'. The small and large crossed 
ellipses are B and K2, respectively, and the open ellipses, 
CI^ atoms. The expansion of the layer in the o direction 
is obvious from the four chlorine atoms down the center of 
the cell (y = 0.5) which would lie on a line in a close-
packed array 
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The second modified net designated B' and B", is positioned at x = 1/4 
and 3/4, respectively. The B' net at x = 1/4 is projected in Figure 23. 
The net is a formerly close-packed array of atoms that has been expanded 
-25% in the b direction to form zig-zag rifts parallel to J between 
the rows of clusters. Formation of the rifts is necessary for the layer 
to mesh with zones of square packing in the layers above and below. The 
expansion of the layer in the Ê direction is also responsible for 
the extended K2 cavity between clusters. As with A' and A", B' and B" 
are related by a translation of S/2. The stacking of the modified 
layers in KgZrgCl^^B is ...A'B'A"B".... 
The expansion of the individual layers, either by the insertion of 
square-packed zones or the formation of rifts between rows of clusters, 
is a compromise between the need to accommodate linear intercluster 
Cl®"^ bridges and to maintain reasonable Zr-Cl^"^ distances. As will 
be seen, room for the second cation is also created in the expansion and 
appears to be the primary driving force for the formation of the linear 
intercluster Cl^~^ bridges. The connection between linear Cl®"^ 
bridges and cation site formation is described in more detail in the 
MgX^g Discussion section. 
The description of K^Zr^Cl^^B as a close-packed layering of chlorine 
atoms provides a convenient way of visualizing the structure and packing, 
and also allows its relationship to Klr^Cl^^B to be seen more easily. 
The projection of a layer of clusters in K^ZYgCl^gB onto z = 1/4, Figure 
24, shows a striking resemblance to an analogous projection in KZrgCl^^B 
onto z = 1/2, Figure 25. The basic arrangement of clusters within the 
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Figure 24. A [100] projection of the cluster layer centered at x = 1/4 
in KgZrgCljgB. One of the rifts in the close-packed layer 
caused by the expansion in S is marked by the dashed line. 
Particular attention should be paid to the orientation of the 
clusters with respect to one another and the elongation of 
the K2 site in the b direction 
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Figure 25. A [001] projection of the clusters and a close-packed layer 
in KZrgClj^B centered at z = 1/2. The crossed ellipsoids 
from largest to smallest mark K, Zr and B, respectively. 
Note that, unlike K^Zr^Cl^gB, all clusters are oriented in 
the same manner 
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layer in the two compounds is identical, except the clusters in every 
other row in KgZrgCl^gB have been rotated 180° around an axis perpendicu­
lar to the layer. The stacking of the cluster layers is the same in both 
compounds with the next layer translated by S/2. The cation posi­
tion in KZrgClji^B also clearly carries over into the K2 site in the 
KgZrgCl^gB structure. The rifts in the K^Zr^Cl^gB cluster layer can 
easily be visualized as a result of an expansion of the KZrgCl^^B cluster 
layer. The reorientation of every other row of clusters and the expan­
sion of the cluster layer are both consequences of the replacement of 
Cl^"^ connectivity with linear Cl^"® intercluster connectivity. 
The entire process can be understood in terms of the need to create a 
second cation site on conversion of the KZ^gCl^^B structure to the 
KgZrgCl^gB structure. 
The K^Zr^Cl^gB structure is also more distantly related to 
CsKZr_Cl,cB.i34 The transformation of CsKZr.Cl,.B to K Zr C1,_B involves 6 1 5  6  1 5  Z  6  l b  
the linearization of the zig-zag cluster chain (which requires an exten­
sive breaking and reformation of Zr-Cl®~^ bonds) and translations of 
the linear cluster chains in the chain direction. The details of the 
transformation are somewhat tedious and not particularly educational. Of 
interest, however, is the transformation of the cation sites from one 
structure to the other. The Csl and Cs2 sites in CsKZrgCl^^B transform 
to one equivalent site with Cs2 character that accommodates K2. The K 
site in CsKZrgCl^gB carries over largely unchanged. The similarities in 
the sites can be seen by a comparison of Figures 17 with 21 (Cs2 in 
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CsKZrgCl^gB and K2 in K^Zr^Cl^^B) and Figure 15 with 20 (K in CsKZrgCl^gB 
and K1 in KgZrgCligB). 
The monoclinic structure of K^Zr^CTshown in Figure 26 looking 
down the t axis, is seen to be directly related to the orthorhombic 
structure of KgZrgCl^gB. Like KgZrgCl^gB, the structure is composed of a 
criss-crossing network of linear cluster chains connected into a three-
dimensional array by additional bent Cl®~^ bridges. Room for a 
third cation has been created by a small monoclinic distortion of the 
lattice which splits the former K2 site in K^Zr^Cl^^B, into two 
inversion-related sites with no crystallographically imposed symmetry. 
The details of the monoclinic distortion include a slight displacement of 
the linear cluster chains with respect to one another in the S 
direction (KgZrgCljgB axes), a result of the 2.7° increase in the mono­
clinic angle (« in KgZrgCl^gB), and an approximately 7° rotation of each 
linear cluster chain around its axis. The chains at z = 0 and z = 1/2 
rotate forward and backwards, respectively, when viewed down Î. The 
K1 atoms have been displaced 0.7 A from what were formerly two-fold axes 
parallel to t in KgZrgCl^gB. The crystallographic t and È axes in 
KgZrgCl^gB have been interchanged in KgZrgCl^gBe to be consistent with 
crystallographic convention (unique monoclinic S axis). 
Rotation of the cluster chains, while important in the formation of 
the third cation site, significantly disrupts the pseudo-close-packed 
anion layers seen in KgZrgCl^gB. The 'layers' in KgZrgCl^gBe, now packed 
in the S direction, are extremely puckered with a peak to valley 
height of over 1.0 A. In other words, atoms within a layer deviate from 
151 
Figure 26. An approximately [OOÏ] view of the three-dimensional 
cluster framework in KgZrgCl^gBe. (90% thermal ellipsoids.) 
The CI^ and K atoms have been omitted for clarity. The Zr^ 
clusters are drawn in heavy lines and are centered by 
beryllium atoms. Rotation of the cluster chains is particu­
larly evident from the up-down row of CI atoms on the 
left side of the drawing 
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Table 28. Bond distances in KgZrgCl^gBe (A) 
Zr-Zr Zr-Cl®"® 
Zrl-Zr2 (x2) a 3.2900(8) Zrl-C15 (x2) 2.6767(6) 
Zrl-Zr2 (x2) 3.2948(8) Zr2-C16 (x2) 2.703(1) 
Zrl-Zr3 (x2) 3.2895(8) Zr3-C16 (x2) 2.670(2) 
Zrl-Zr3 (x2) 3.2923(8) 
Zr2-Zr3 (x2) 3.3155(8) K-Cl 
Zr2-Zr3 (x2) 3.3158(7) K1-C12 (x2) 3.307(3) 
d 3.2997 K1-C17 (x2) 3.316(2) K1-C15 (x2) 3.5869(7) 
Zr-Be Kl-Cll (x2) 3.663(2) 
Zrl-Be (x2) 2.3104(5) K1-C18 (x2) 3.665(3) 
Zr2-Be (x2) 3.3456(5) A 3.508 Zr3-Be (x2) 3.3435(5) Q 
-
2.3332 
K2-C16 (xl) 3.118(2) 
d K2-C14 (xl) 3.200(2) 
Zr-Cl^ K2-C18 (xl) 3.227(2) 
Zrl-C17 (x2) 2.554(1) K2-C17 (xl) 3.311(2) 
Zrl-C18 (x2) 2.562(2) K2-C15 (xl) 3.463(2) 
Zrl-Cll (x2) 2.566(2) K2-C13 (xl) 3.465(2) 
Zrl-C12 (x2) 2.582(2) K2-C12 (xl) 3.526(2) 
Zr2-C13 (x2) 2.555(1) K2-C11 (xl) 3.647(2) 
Zr2-C14 (x2) 2.575(2) A 3.370 Zr2-C17 (x2) 2.601(1) Q 
Zr2-C18 (x2) 2.602(2) 
Zr3-C13 (x2) 2.571(1) 
Zr3-C14 (x2) 2.581(2) 
Zr3-C12 (x2) 2.607(1) 
Zr3-Cll (x2) 2.609(2) 
^Number of times the distance occurs per cluster or cation 
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the calculated least-squares plane of the layer by over ±0.5 A. Inter­
estingly, the monoclinic distortion and cation addition appear to have 
improved the packing efficiency of the cell. A direct comparison of the 
cell volumes of KgZrgCl^gBe and KgZrgCl^gBe shows a volume change of only 
5.8 A3/K atom, a value nearly 40% less than that expected based on the 
molar volume increment of 16 cm^mol'i (9.6 AVatom) derived by Biltz."-^® 
The simple comparison is not entirely valid however, because the change 
from KjZrgCljgBe to KgZrgCl^gBe involves not only the addition of a third 
cation, but also a one-electron reduction of the cluster and a con­
comitant decrease in cluster volume. A rough estimate of the volume 
change associated with a 13- to 14-electron cluster reduction is 4.4 
(Calculated from a comparison of the volumes of ZrgCl^^B and KZrgCl^^B, a 
case where the occupied cation site is nearly the same size as the* 
unoccupied site.) The compensated volume change of 10.2 A^/K atom is 
thus nearly equal to the value predicted and suggests little change in 
packing efficiency has occurred. 
The Zr.Cl,_Be cluster in K.Zr.Cl Be has increased in size over the 6 12 3 o 15 
cluster in KgZrgCl^gB as expected simply on the basis of the encapsula­
tion of the larger beryllide interstitial. The Zr-Zr distances average 
3.300 A and are comparable with those in other clusters containing beryl­
lium. The average Zr-Be distance is 2.333 A. The cluster distortion 
seen in KgZrgCl^gB has largely disappeared, although a very slight com­
pression of the Zr^Cl^gBe cluster down the linear chain is observed. The 
slight puckering of the linear cluster chains associated with the 
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nonlinearity of the Cl^"^-Zr-interstitial bond angle is also nearly 
gone. The C15®~®-Zrl-Be angle is 179.07(2)'. 
The K1 site in KgZrgCl^gBe is not significantly different from that 
found in K^Zr^Cl^gB. The displacement from the former two-fold axis and 
the cluster chain rotation has reduced the site symmetry from 222 to 2 
(Dgd to C^) and allowed a slight lengthening of six Kl-Cl distances and 
a shortening of four. The local geometry, shown in Figure 27, has 
changed little from that in K^Zr^Cl^gB and also shows a strong similarity 
to the K site in KZrgCligC.is^ 
The K2 site, in contrast, is significantly different from the site 
observed in KgZrgCl^gB. As shown in Figure 28, it is a somewhat irregu­
larly shaped eight-coordinate site with a large open face directed 
towards the former K2 site. The new site is displaced by ~2.2 ^  from the 
site in K„Zr^Cl ^B. Pairs of the K2 sites are located between each 
2  6  1 5  
cluster pair in t. 
The creation of the new pairs of K2 sites from the K2 site in 
KgZrgCligB is fundamentally linked to the rotation of the cluster chains. 
The K2 site in K Zr^Cl ^B is, as one will recall, an elongated trigonal 
2  6  1 5  
antiprism with two long trans-edges bridged by additional chlorine atoms 
(Figure 21). The K2 thermal ellipsoid is elongated in the S dir­
ection toward the distant C12 atoms which form the outer boundaries of 
the cavity. Rotation of the cluster chains causes a pair of CI 1 atoms in 
the trigonal antiprism to collapse towards the center of the K2 site. 
Simultaneously, both ends of the cavity expand outward to form the new K2 
sites. The transformation is schematically diagrammed in projection in 
155 
Figure 27. The local chlorine environment around Kl in K^Zr^Cl^gBe 
viewed along the two-fold axis. Thermal ellipsoids are drawn 
at 50% probability 
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Cl 4 Cl 6 
Cl 2 
Cl 3 
Cl 8 
Cl 7 
Figure 28. The eight-coordinate K2 site in K^IrgClj^^Be. The large open 
face defined by chlorine atoms 1, 3 and 4 is directed towards 
the former K2 site in KgZrgCl^gB and, beyond, an inversion-
related K2 site. Thermal ellipsoids are drawn at 50% 
probability 
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Figure 29. Interestingly, the diagram appears to show a second energy 
equivalent distortion, a mirror image of the first with chain rotations 
in the opposite directions. The new K2 sites from the second distortion 
are shown as the set of small circles in Figure 29. The space group 
symmetry, however, is inconsistent with the formation of K^Zr^Cl^^Be 
enantiomer's, and a closer examination shows the second distortion is 
identical to the first by a two-fold rotation. 
MgXjgDiscussion 
The interrelationships among the four distinct and structurally 
characterized M^X,. frameworks, i.e., the Ta.Cl,.,^ CsNb^Cl ^,^2,134 
6 1 5  6 1 5  6 1 5  
KgZrgCligB and NbgF^^s structure types, and the factors which govern 
their formation are not always readily apparent. The ability to prepare 
all four structure types and variations thereon in a single system, 
namely the zirconium chlorides, has however, helped to elucidate some of 
these interrelationships and formation factors. Although all of the 
known compounds have the same style of local connectivity, 
major structural differences appear in the larger 
three-dimensional cluster connectivity, the local Cl^-a geometry 
and, of course, the lattice symmetry. These details are summarized later 
in Table 29. 
When viewed as a continuum, the structure types create a 
nicely defined series whose members are differentiated by their local 
Cia-a geometry. The TagClis structure,which includes the relevant 
Zr C1,J, Na„ ^Zr^Cl,^C and the slightly distorted Na Zr CI B 
6 1 5  0 * 5  6  1 5  6  o  1 3  
examples,60 occurs at one end of the series and has only bent X^ 
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Cl 2 
Cl 6 
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Cl 5 K 2 O 
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é 
é O Cl 3 
Figure 29. A [lOO] projection of the K2 site in KjZrgCl^gB and the 
atomic displacements associated with the distortion of the 
site that occur during the conversion to K^ZrgCl^gBe. The 
. dotted line indicates the directions of K2 motion and the 
small circles, the final site. ^ y = 1/2, Q y = 1/4, @ 
y a 0. Arrows curved to the right indicate movement up and 
arrows curved to |he left, movement down. A two-fold axis 
lies parallel to c 
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bridges joining clusters, while and the recently prepared iso-
structural ZrgCljgCo^^ are at the opposite end and contain only linear 
bridges. The other structure types exhibit intermediate 
combinations of bent and linear bridges; CsNb^Cl^g, KZrgCl^gC, 
CsKZrgCl^gB and the like (Table 17) have one-sixth linear X®"^ 
bridges, the remainder bent,72*134 and the other two NgX^^gX^'^g/g 
type structures, KgZrgCl^gB and K^Zr^Cl^^Be, both show one-third linear 
bridges. Compounds with larger percentages of linear X^"^ bridges 
have probably not been observed because of the packing inefficiencies 
associated with the linear bridges. The presence of more and larger 
cations may be able to circumvent this problem. 
The need to accommodate a specific number of cations to obtain a 
preferred electronic state of the cluster and the sizes of the cations 
are both important factors in differentiating the formation of the vari­
ous structure types. In general, the introduction of linear X^~^ 
bridges tends to create larger voids within the structure and conse­
quently room for more or larger cations.The trend is nicely illus­
trated going from TagCl^g with no linear bridges, to CsKZrgCl^gB with 
one-sixth linear bridges, to K^Zr^Cl^^Be with one-third linear bridges, 
and finally to NbgF^g with all linear bridges. The TagCl^g structure 
presently appears to be limited either to compounds with no cations, such 
as TagClig^ and ZrgCljgN.^o or to those compounds that contain small 
cations, Na„ ^Zr.CL^CSO and Na^Nb^Cl,, (x < 1)?2 being examples. In 0*5 o 15 o 15 
contrast, the CsNbgCl^g structure has been obtained only in compounds 
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containing one cation as large as potassium or, if with two cations, one 
at least as large as rubidium.72.131+ The KgZrgCl^gBe structure with 
one-third linear bridges has been found only for compounds that 
contained three potassium or rubidium cations. Finally, in NbgFjg the 
voids created by the linear X®'® bridges have become so large that 
it is possible/necessary to fill these with a second interpenetrating 
lattice of NbgFig clusters. 
The factors that differentiate the formation of the Ta^Cl,, and 
o 15 
NbgFis structures are more subtle. The only important difference between 
Zr^Cl,^N and Zr^Cl,^Co63 in the Ta^Cl,^ and Nb^F,^ structures, respec-
6  1 5  6  1 5  o  1 5  6 1 5  
tively, is the size of the interstitial atom, and hence, the proximity of 
the zirconium atoms to the square faces of the cuboctahedron formed by 
the twelve edge-bridging Cl^ atoms. The change in the metal atom posi­
tion suggests the formation of the two structures is probably determined 
by small differences in bonding and packing efficiencies, with the more 
ideal clusters, i.e., those with the M atoms nearest the faces formed by 
the CI^ atoms, adopting the NbgF^g structure. The importance of having 
the M atom near the face is that it allows a reasonable M-Cl^"^ bond 
distance to be maintained while leaving adequate room for the second 
interpenetrating lattice. 
Although exhibiting the same local connectivity around each cluster, 
the structural frameworks of TagCl^g, CsNbgCl^g, KgZrgCl^gB and NbgFjg, 
are not related to one another in a larger three-dimensional sense. In 
other words, none of the four structural frameworks can be interconverted 
simply by rotation of clusters and bending at bridging chlorine atoms. 
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i.e., without breaking bonds. The inequivalence of the 
structures can be seen by examining them in light of two criteria, 
namely: 1) whether or not any of the six clusters connected to a central 
cluster are directly interconnected through an atom, and 2) 
after choosing one of the six clusters connected to a central cluster, 
how many of the other five are indirectly linked to it through one addi­
tional cluster excluding of course, the central cluster which indirectly 
interconnects all six. The first criterion conveniently separates the 
CsNbgCljg structure which has directly connected clusters linked to a 
common central cluster from the rest of the structure types. Described 
somewhat differently, but none the less equivalently, the shortest 
bonding path through the CsNb^Cl^g structure back to a starting point 
without retracing, is (M-M-Cl®"^)^ .^3"+ Such a path is easily seen 
for KZrgCligC in Figure 14. In all of the other structure types 
the shortest path is (M-M-Cl^"^)^, i.e., none of the clusters linked 
to a common central cluster is directly connected to one-another. The 
NbgFis structure can be separated from the rest by recognizing its struc­
tural framework is actually two interpenetrating lattices. The inequi­
valence of the remaining two structures. Ta CI and K Zr CI B, requires 6 15 2 6 15 
the use of the second, more complicated criterion which is concerned with 
the indirect interconnectivity of the six clusters joined to a common 
central cluster. Starting with one of the six first bonding sphere (FBS) 
clusters, the distinguishing feature is the number of the other FBS clus­
ters that are connected to the first through one additional external 
cluster. Because all of the clusters in these structures are equivalent 
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by symmetry, the cluster chosen as the central cluster is immaterial. 
The concept is illustrated in Figure 30 which shows a schematic represen­
tation of the connectivity in one of the interpenetrating lattices in 
NbgFis. The common central cluster is the solid black ellipsoid and the 
first bonding sphere of clusters are the ellipsoids labeled one through 
six. Choosing cluster 1, it is quickly evident it can be indirectly 
connected through one cross-hatched cluster to clusters 2, 3, 4 and 5 
which are all directly connected to the black central cluster. In other 
words, each FBS cluster is indirectly connected through one additional 
cluster to four other FBS clusters. The Idea can also be expressed in 
terms of circular bonding paths through the structure, specifically; 
starting at a FBS cluster, how many of the other five FBS clusters can be 
included in rings which include the central cluster. 
Using the schematic of the connectivity in the TagCl^g structure in 
Figure 31, one finds that each cluster in the first bonding sphere is 
indirectly connected through one other cluster to two other FBS clusters. 
The situation in KgZrgCl^gB is slightly different. Here one finds the 
number of clusters indirectly connected is dependent on whether the 
chosen cluster is connected to the central cluster through a linear 
Cl®"^ bridge or a bent bridge. The schematic of the connectivity in 
KaZrgCligB is illustrated in Figure 32. Clusters linearly bridged to the 
central cluster are indirectly connected to two other FBS clusters, while 
clusters connected through a bent Cl^ ^  bridge are indirectly joined 
to three others. Results are summarized in Table 29. The second cri­
terion not only shows the inequivalence of the Ta^Cl^^ and K^Zr^Cl^^B 
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Figure 30. A schematic representation of the cluster connectivity in one 
of the interpenetrating lattices in Nb F . The large filled 
ellipsoid represents the central Nb cluster, and small 
spheres, bridging F®"^ atoms. First bonding sphere (FBS) 
clusters are represented by the large open spheres labeled 
1-6, and the cross-hatched spheres indirectly connect FBS 
clusters 
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•O— 
Figure 31. A schematic representation of the three-dimensional cluster 
connectivity in the TagCl^g structure. Large and small 
spheres represent clusters and Cl®~^ atoms, 
respectively. The numbered open spheres are first bonding 
sphere clusters about the central black sphere. Cross-
hatched spheres are involved in indirect coupling of the FBS 
clusters 
Figure 32. A schematic representation of the cluster connectivity in K^Zr^CligB. Large 
spheres represent Zr^Cli^^B clusters while small spheres are bridging Cl®~° 
atoms. Open ellipsoids are first bonding sphere clusters about the solid 
central cluster. Cross-hatched ellipsoids indirectly connect FBS clusters 
Table 29. Distribution of X^-a bridges in MgX^gXgyg-type structures 
Structure 
type 
Space 
group 
X^~®bridge type, % 
linear bent 
FBS^ clusters 
directly 
linked^ 
Number of FBS^ 
clusters indirectly 
linked^ 
Ia3d 0 100 no 2 
CsNb,C1^5 Pmma 17 83 yes -
KzZrgClisB Cccm 33 67 no 2,3 
C2/C 33 67 no 2,3 
ImSm 100 0 no 4 
Gpirst bonding sphere (FBS) - see text. 
'^Criterion 1 - see text. 
^Criterion 2 - see text. 
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structures, but also shows their inequivalence to the interpenetrating 
networks in NbgF^g. The fifth structure type, KgZrgCligBe, has already 
been described as equivalent to the K^Zr^Cl^gB structure through cluster 
rotations without bond breakage. The results clearly illustrate the 
inadequacy of both a simple [MlgXTi2]X*"^6/2 structural description 
and the view that all MgX^^ compounds are simply another folding of the 
same three-dimensional cluster net around an array of cations. The 
findings also serve to illuminate the richness and elegance of the 
structural chemistry of the compounds. 
A variety of cluster compounds have been prepared over the 
past twenty years with M^X^^ to M^X^^ stoichiometries.4-6,i4 ^ 
the cluster compounds, other than those with the unusual KZrgCl^gBe 
structure,60 are built upon various combination of X^ ^ and X^ ^  
connectivities between clusters. MgX^^ terminated the series with all 
X®"® intercluster connectivity. Extension of the series to larger 
X:M ratios by the incorporation of unshared terminal X® atoms has been 
realized only in the [MgXi^gjX^G case, where a number of niobium 
chloride and bromide clusters have been prepared.2,3,137 inter­
mediate compositions, i.e., [NgX^glX^ and [MgX^gjXg, with combinations of 
X^"^ connectivity and X^ atoms have not been previously observed. 
The analogous compounds composed of MgXg clusters, namely [MgXg]X^ and 
[MgX0]X5, have been prepared. [MOgXgJX^ (X = CI, Br, I),i38 has been 
known since the late 1960s, and more recently, a variety of molybdenum 
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and rhenium MX clusters have been prepared with the [M.X„]X, and bo 0 0 4 
[MgXgJXg stoichiometries.^39,mo 
The apparent stability of Zr^CligZ clusters with 14 cluster-bonding 
electrons and the relative ease with which many second period elements 
can be incorporated into the Zr^Cl^g cluster, suggested that compounds 
within the M^X^^ to M^X^^ sequence might be prepared by appropriate 
choices of interstitial atoms in concert with the number of cations. 
Although the oxide, Zr^Cl^gO, appears to be an obvious target, the sta­
bility of ZrClO* (0 _< X _< 0.43)52 even under oxidizing conditions seems 
to preclude cluster formation. As is often the case in synthetic 
chemistry, the first [MgX^^jX^ compound, Ma^ gZr^Cl^gBe, was prepared 
by accident. The second, Cs^^^Zr^Cl^gC, was more by design, while 
Cs_Zr.Cl,.B and Cs, Zr.Cl .Be were prepared as planned. 3 6 1 6  4  0  1 6  
Synthesis 
Na^^gZrgCligBe was initially prepared in a reaction designed for 
the preparation of NagZrgCligBe. The recently completed crystal struc­
ture of Na Zr CI C had located the sodium cations in a partially 
0 «5 6 15 
occupied 48-fold site in the chlorine lattice. Complete occupation of 
the site (3 cations per cluster) coupled with an interstitial atom to 
give 14 cluster-bonding electrons suggested Na^Zr^CligBe might be pre­
pared in the Ta Cl structure** or a distorted version thereof (see 6 15 
NagZrgCl^gB). The initial reactions, loaded with stoichiometric amounts 
of Zr powder, ZrCl^, NaCl and Be flakes plus a 40% excess of NaCl, pro­
duced a nearly quantitative yield of the new compound Na^^gZrgCl^gBe 
after two weeks at 800°C. Incidentally, the 40% excess of NaCl gave a 
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stoichiometry of Na Zr Cl Be. Reactions loaded for the composi-4*2 6 16*2 
tion Na^ZrgCljgBe produce the desired compound at 800°C in 95*% yield as 
dark red, rectangular parallelepipeds. The original compound sought, 
NagZrgCl^gBe, has not been prepared. Reactions with stoichiometric com­
positions of Zr powder, ZrCl^, NaCl and Be yield mixtures of Zr^Cl^gBe 
and Nag^gZrgCligBe at SOO-SSO'C. 
The ion exchange product of Nag^gZrgCl^gBe with KAICI^ at 300°C is 
believed to be a K^ZrgCl^gBe compound with a more puckered cluster 
sheet than Na^ gZrgCl^gBe, but it has not been characterized. 
CS3.o^rgCl^gC was obtained as a dark brown, highly crystalline 
material from a reaction to prepare CSgZrgCljgC using stoichiometric 
quantities of Zr powder, ZrCl^, CsCl and graphite at 850°C. The reaction 
stoichiometry was prompted by similar reactions with other alkali metal 
halides (M^ = Na, K, Rb) which had yielded compounds of unknown 
composition and structure. Unfortunately, crystal intergrowth and 
twinning problems had prevented a satisfactory structural solution for 
these new compounds. It was hoped that a larger cation might reduce the 
problems associated with single crystal growth. The cesium containing 
compound prepared, although not isostructural with the products from the 
other M^Cl (M^ = Na, K, Rb) reactions, was also new from a structural 
and compositional viewpoint. The reducing conditions produced by the 
chlorine-poor stoichiometry appear to be important in preparing the 
15-electron cluster Cs, „Zr^Cl,^C. A reaction with approximately 5% 
3*0 6 16 
more ZrCl^ produced a mixture of the 14-electron cluster CsZrgCl^gC and 
Cs ZrCl.. Indeed, two more attempts were required to prepare a second 
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sample of CSg.gZrgCl^gC. The second 'failure', which contained small 
excesses (<5%) of CsCl and ZrCl^ over the Cs^Zr^Cl^gC stoichiometry, 
produced an unidentified compound with a cell volume slightly less than 
twice that of CSg ^Zr^Cl^gC in more than 90% yield. Several nice 
single crystals were obtained. The structure, which presumably contains 
eight cluster units per cell, has not been solved, although data have 
been collected.I'+i CSg ^Zr^Cl^gC was finally prepared again from a 
reaction utilizing stoichiometric amounts of reactants for the composi­
tion CSgZrgCl^gC. The other more reduced product was not identified. 
Two additional compounds, identified by Guinier powder diffraction 
as being isostructural with Cs^.^Zr^Cl^gC, have also been prepared. 
CSgZrgCl^gB was prepared in greater than 90% yield from a reaction with 
appropriate amounts of Zr powder, ZrCl^, CsCl and amorphous boron powder 
to give the composition CSgZrgCl^gB. As was observed for the carbide 
CSg gZrgCl^gC, more oxidizing reaction conditions yield a different 
compound which, in this case, is also unknown and different from the 
unknown carbide. Cs^Zr^Cl^^Be was obtained in about 90% yield from a 
stoichiometrically loaded reaction heated at 850°C for 2 weeks. A small 
amount of CSgZrClg was also observed in the powder diffraction pattern of 
the product. The exact cesium content of the boride and beryllide com­
pounds is not known, but is crystallographically limited to four cesium 
atoms per cluster. The preferred electronic configuration containing 14 
cluster-bonding elections suggested the given compositions of Cs^Zr^Cl^^B 
and Cs^ZrgCljgBe. Additional work in these systems will be necessary to 
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determine the actual compositions of the boride and beryl!ide and the 
nature of the unknown compounds prepared. 
Crystallography 
Two octants of data were collected on a small, dark red, rectangular 
prism of Na^^^Zr^Cl^^Be using monochromatic Mo Ka radiation. The 
orthorhombic unit cell, chosen on the basis of a small set of reflections 
indexed with the program BLIND,^26 was verified by axial photographs 
taken on the diffractometer which showed the expected layer spacings and 
mirror symmetry. The minimal absorption effects were correct for using a 
i|;-scan method. Details of the data collection and refinement are given 
in Table 30. 
The space group Pccn was chosen for Na^^^Zr^Cl^^Be on the basis of 
the observed systematic extinctions and verified by the subsequently 
successful refinement of the structure in it. The structure was solved 
by direct methods using the program MULTAN-SO.^s Four randomly oriented, 
octahedral zirconium clusters were included as 'molecular fragments' in 
the normalization routine. Three zirconium positions identified with the 
aid of MULTAN-80, were used to phase a subsequent Fourier map from which 
the majority of the chlorine atoms in the structure were identified. 
Successive cycles of least-squares refinement and Fourier map synthesis 
were used to locate the remaining atoms. The interstitial beryllium atom 
was observed as an approximately 3-electron residual in the cluster 
center following isotropic refinement of the zirconium and chlorine atoms 
in the structure. The data were reweighted in ten overlapping groups 
sorted on jFobsl a secondary extinction correction was applied 
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Table 30. Selected crystallographic data for Na^ glr^Cl^gGe and 
Na, „Zr,Cl Be Cs, Zr CI C 3.9 6 16 3.0 6 16 
Space Group Pccn P2i/n 
Z 4 4 
a, 13.251(1) 11.032(2) 
b 14.319(1) 11.851(3) 
c 14.092(2) 12.473(3) 
6, deg. (90) 108.01(2) 
V, A3 2674.0(5) 1550.8(6) 
Crystal dimen., mm 0.10x0.15x0.15 0.12x0.13x0.05 
Radiation Mo Ka, graphite Mo Ka, graphite 
monochromator monochromator 
20(max), deg. 55.0 55.0 
Scan Mode OJ w 
Reflections 
octants h,k,±£ h,±k,±£ 
measured refl. 5912 7023 
observed refl. 2933 3073 
independent refl. 1646 1596 
R(ave), % 2.7 3.1 
w, cm-i 39.6 67.4 
Transm. coeff. range 0.89 - 1.00 0.74 - 1.00 
Secondary ext. coeff. 5.6(9) X 10-5 -
R, % 4.3 6.2 
R(w), % 3.8 6.8 
^Guinier lattice parameters. 
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to give final residuals of R = 4.3% and ~ 3.8%. The refined occu­
pancies of Nal, Na2, Na3 and Be were, respectively, 0.97(2), 0.60(2), 
0.79(2) and 1.06(2). Taking into account the different multiplicities of 
the sodium sites, the refined composition is Na / \Zr CI Be. 3.9I1/ 6 16 
The final difference map was flat to less than 0.5 e'/A^. 
Four octants of single crystal diffraction data were collected on a 
dark brown, rectangular prism of Cs^^^Zr^Clusing monochromatic Mo 
Kot radiation and w-scans. A monoclinic cell was deduced from a set of 
low angle reflections indexed using the program BLIND.126 Axial photo­
graphs taken on the diffractometer were consistent in terms of symmetry 
and axial lengths with the chosen monoclinic cell. Pertinent crystallo-
graphic data are compiled in Table 30. 
The systematic extinctions observed in the data set and an-assumed 
centricity uniquely identified the space group as P2j/n. The phase prob­
lem was solved by direct methods using MULTAN-80.95 Two randomly 
oriented Zr^ clusters were included as 'molecular fragments' in the 
normalization process. The three most intense peaks in the Fourier 
synthesis calculated from the phase set were assigned to zirconium atoms 
and used as a starting point for subsequent calculations. All calcula­
tions were carried out in P2^/n. The remaining atoms in the structure 
were located by successive cycles of least-squares refinement and Fourier 
map calculations. The carbon atom was found as a 6-electron residual 
situated in the cluster center at (0,0,0). The carbon atom was added to 
the model following isotropic refinement of the zirconium, chlorine and 
cesium atoms. Anisotropic refinement of the structure followed by a 
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reweighting of the data set gave final residuals of R = 6.2 and = 
6.8%. The Csl and Cs2 positions refined to occupancies of 0.983(7) and 
0.535(6), respectively, or a total of 3.04(3) cesium atoms per Zr^Cl^^Be 
cluster. The carbon atom converged to an occupancy of 1.2(1) and a B = 
2 . 6 ( 8 ) .  
The final difference map was littered with a sizable number of ~0.5-
electron residuals. In addition, an approximately 3-electron residual 
was observed between cluster layers about midway between Cs2 atoms in 
S. When included in the model as a fraction of a Cs atom, the 
residual refined to an occupancy of 0.126(5), an isotropic 8 of 6.3(4) 
and a final position of (0.333(1), 0.494(1), -0.001(1)). R and R^ 
improved to 5.1 and 5.3%, respectively. The position was surrounded by 5 
chlorine atoms at distances of 3.40 — 3.55 A, but also had two Cs neigh­
bors at unreasonably short distances of ~3.05 A. Although the residual 
could be interpreted as a small amount of Cs disorder between the cluster 
layers (with the residual site occupied by Cs only when the 2 nearest 
neighbor Cs sites are unoccupied), it is not presently believed to be an 
inherent feature of the structure. It is more likely that the residual 
is associated with the (poor) quality and small size of the data crystal. 
This latter interpretation is supported by a second crystal structure 
determination of Cs^Zr^ClThe crystal used in the determination 
was of unknown origin (found in the crystal mounting box), and hence, the 
identity of the interstitial atom is uncertain, but limited to C, 8 or 
Be. More importantly, the structural refinement, which converged to R = 
5.2 and R^ = 4.8% with a carbon atom in the cluster center, showed a 
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residual of less than 1 e'/A^ at the position of the 3-electron residual 
in the study under consideration. In light of the results of this second 
crystal structure, the 3-electron residual was not included in the final 
stages of the present study. It should be noted that the higher R values 
in this structure compared to those of other zirconium chloride clusters 
are largely associated with the ignored residual. 
Final positional and thermal parameters for Na^^gZrgCl^gBe and 
CSg^oZr^jCligC are listed in Tables 31 and 32, respectively. Observed 
and calculated structure factor amplitudes are contained in Appendices L 
and M. 
Structures and discussion 
The Zr.Cl.-Z structures, Na Zr.Cl Be and Cs, .Zr.Cl,_C, like 6 16 • 3 *9 6 16 3* 0 6 16 
the analogous Mo^Cl^g structure composed of clusters,are 
built-up of two-dimensional networks of interconnected lrZ^\l 6 12 
clusters. Four Cl^"® atoms serve to link adjacent clusters into a 
two-dimensional, four-connected net, while unshared Cl^ atoms fill the 
two remaining terminal positions above and below the cluster sheet. The 
two-dimensional intercluster connectivity is symbolically formulated 
zjZrgCliigBGjClG-a^^gClëg. Beyond the presence of the two-
dimensional cluster sheets, however, significant differences exist 
between Na. ^Zr^d.^Be and Cs. .Zr^Cl.^C, particularly with respect 
o #y b Jib o«U b lb 
to cell symmetries, cation sites and relative cluster orientations. 
The two-dimensional cluster sheets in Na^ yZr^Cl^^Be pack in a 
staggered fashion, such that CI® atoms from clusters in one layer lie 
in voids in the cluster layers above and below. The stacking of the 
Table 31. Positional and thermal parameters for Na„ Zr CI Be 
3*9 6 16 
Atom X y  z  B i i  
Zrl 0.97817(8) 0.40092(6) 0.37087(6) 1.28(4) 
Zr2 0.52704(8) 0.37501(6) 0.10262(6) 1.27(4) 
Zr3 0.17340(7) 0.46780(6) 0.50062(8) 0.97(3) 
Cll 0.3420(2) 0.3299(2) 0.1153(2) 1.8(1) 
C12 0.7200(2) 0.3954(2) 0.1125(2) 1.6(1) 
CIS 0.2873(2) 0.5743(2) 0.1433(2) 1.4(1) 
C14 0.6656(2) 0.6438(2) 0.1440(2) 1.7(1) 
CIS 0.5081(2) 0.4725(2) 0.2569(2) 2.7(1) 
C16 0.8712(2) 0.5662(2) 0.0050(2) 1.33(9) 
C17 0.4481(2) 0.7236(2)  0.2769(2) 2.4(1) 
C18 0.4423(2) 0.7466(2) 0.0301(2) 3.0(1) 
Nal® 0.5520(4) 0.0890(3) 0.0830(3) 2.5(1) 
Na2b 0.6264(7) 0.8295(6) 0.1742(6) 3.0(2) 
Na3C 1/4 3/4 0.2248(7) 3.7(3) 
Bed 1/2 1/2 0 1.4(4) 
^Occupancy refined to 0.97(2). 
^Occupancy refined to 0.60(2). 
^Occupancy refined to 0.79(2). 
^Occupancy refined to 1.06(6). 
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^22 ^33 Bi2 ®13 ^23 
1.09(3) 0.99(3) 0.03(3) -0.00(3) -0.13(3) 
0.98(3) 1.09(3) 0.03(3) 0.01(3) 0.14(3) 
1.21(3) 1.25(3) 0.15(4) 0.02(3) -0.01(3) 
1.9(1) 2.1(1) -0.59(8) 0.08(9) 0.64(9) 
2.2(1) 1.7(1) 0.15(8) -0.33(8) 0.48(9) 
2.3(1) 1.8(1) -0.01(9) 0.37(8) -0.52(9) 
2.1(1) 2.0(1) -0.29(9) -0.07(9) -0.84(9) 
1.7(1) 1.10(8) 0.4(1) 0.16(8) 0.11(8) 
2.7(1) 3.2(1) -0.11(9) 0.0(1) 0.4(1) 
1.6(1) 1.48(9) 0.03(9) 0.05(9) -0.57(8) 
1.13(9) 1.52(9) 0.3(1) 0.13(9) 0.02(8) 
Table 32. Positional and thermal parameters for Cs^ ^ZrgCl isC 
Atom X y z Bii 
Zrl 0.1151(2) 0.0928(2) 0.9049(1) 1.07(7) 
Zr2 0.8233(2) 0.0965(2) 0.9032(1) 0.69(7) 
Zr3 0.0488(2) 0.1359(2) 0.1323(2) 0.98(7) 
Cll 0.6053(5) 0.2044(4) 0.7925(4) 1.4(2) 
C12 0.8557(5) 0.2619(5) 0.0391(4) 1.9(2) 
C13 0.1781(5) 0.2588(5) 0.0402(4) 1.8(2) 
C14 0.0712(5) 0.7909(5) 0.2154(4) 1.4(2) 
C15 0.7425(5) 0.3002(5) 0.2930(5) 2.1(2) 
C16 0.1695(4) 0.4955(5) 0.4970(4) 0.8(2) 
C17 0.2472(5) 0.5427(4) 0.2401(4) 1.2(2) 
C18 0.5752(5) 0.5509(4) 0.2469(4) 1.7(2) 
Csia 0.6045(2) 0.0285(2) 0.2878(2) 2.45(8) 
Cs2b 0.5100(3) 0.2969(3) 0.0218(3) 2.8(1) 
CC 0 0 0 2.6(8) 
^Occupancy refined to 0.983(7). 
Occupancy refined to 0.535(6). 
^Occupancy refined to 1.2(1). 
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^22 ^33 Bl2 Bis ^23 
1.21(8) 0.72(8) -0.07(7) 0.17(6) 0.15(6) 
1.27(8) 0.99(8) 0.06(6) 0.06(6) 0.12(7) 
1.18(8) 0.90(7) -0.10(6) 0.13(6) -0.12(5) 
2.0(2) 1.7(2) 0.3(2) 0.4(2) 0.7(2) 
1.6(2) 1.6(2) 0.2(2) 0.0(2) -0.5(2) 
1.9(2) 1.7(2) -0.5(2) 0.5(2) -0.4(2) 
1.9(2) 1.4(2) 0.2(2) 0.3(2) 0.7(2) 
2.2(3)  2.5(3) 0.0(2) 1.1(2) -0.4(2) 
2.3(2) 1.8(2) -0.2(2) 0.4(2) -0.7(2) 
1.9(2) 1.3(2) -0.2(2) -0.4(2) 0.2(2) 
1.7(2) 1.5(2) 0.4(2) 0.8(2) 0.4(2) 
2.89(9) 5.9(1) -0.17(6) 1.09(7) -0.81(8) 
4.9(2) 2.5(2) -0.0(1) 0.6(1) -0.2(1) 
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cluster layers occurs in the t direction and is illustrated in Figure 
33. The relative orientation of the cluster layers with respect to one 
another is described by the pair of two-fold axes situated between 
cluster layers at y = 1/4 and 3/4. The interlayer distance, %/2, is 
6.626 A. The slightly puckered appearance of the layers is caused by a 
small tilting of the clusters within each layer. Each cluster is canted 
approximately 11°, primarily in the S direction, from the direction 
normal to the cluster sheet. Every other row of clusters within the 
sheet is canted in the opposite direction, such that clusters at y = 1/2 
are canted to the right, while those at y = 0 and 1 are canted to the 
left. Four sodium cations per cluster, distributed above, below and 
within the cluster layers, electrostatically bind the anionic layers 
together. [MOgCligjCl^, the MgX^g cluster structural analogue of 
packs in a similar fashion, however, canting of the clusters 
within the layers is not observed. 
The principal component of the layers, the Zr^Cli^^Be cluster, has 
crystallographically imposed Ï symmetry. The cluster is slightly 
elongated normal to the cluster sheet and toward C1&. The Zr-Zr dis­
tances within the layer average 3.291 A, while those roughly perpendicu­
lar to the layer average 3.303 A. The Zr-Be distances of 2.32-2.34 are 
consistent with the analogous distances in other beryllium-centered zir­
conium chloride clusters. The Zr-Cli distances are all about 2.57(2) 
A. The Zr-Cl^ distances are slightly longer at 2.667(3) «, and the 
Zr-Cl^"® distances are longer yet at 2.772(3) A. Interestingly, the 
Zrl-C17®"^-Zr2 intercluster bridge, as well as having the longest 
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Cl 7 
Figure 33. An approximately [001] view of the structure of 
Na^ gZrgCl^gBe. All CI^ and Na atoms have been omitted 
for clarity. Two-fold axes parallel to t in the tunnel­
like structures between layers relate the top layer at 
X = 1/2 with the bottom layer at x = 0. (90% ellipsoids) 
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Zr-Cl®'^ distances observed in any of the zirconium chloride 
clusters studied, is bent at the atypical angle of 161°, about midway 
between the more commonly observed angles of ~140 and 180°. Relevant 
interatomic distances are given in Table 33. 
The sodium atoms occupy three distinct crystallographic sites within 
the lattice. Partial occupancy of two of the sodium sites coupled with 
the complete occupation of the third site gives a refined composition of 
Na^ gZrgCl^gBe. Complete occupation of all of the sodium sites would 
give a total of five cations per cluster. 
Nal occupies a six-coordinate site situated between clusters within 
the cluster layer. The site deviates ±0.7 A from the [100] plane and is 
about the same level as the Cl^-a atoms within the layer. The chlorine 
polyhedron, shown in Figure 34, can be viewed as a highly distorted 
octahedron with Mal-Cl distances ranging from 2.68 to 3.06 A. The site 
refined to full occupancy in Nag.gZrgCl^^Be. 
The Na2 site, only 60% occupied in Na^ yZr^Cl^gBe, lies ~1.7 A 
above and below the cluster plane, about the same level as the CI^ 
atoms from the cluster layers above and below (see Figure 33). Five 
chlorine atoms surround the site, shown in Figure 35, at distances of 
less than 3.00 A, while a sixth chlorine atom, C17, is at 3.16 A. 
The third sodium site, illustrated in Figure 36, lies on the two­
fold axis in the tunnel-like structure between layers. The tunnel-like 
structure between layers is readily seen in Figure 33. The site, which 
is 80% occupied, is surrounded by six chlorine atoms in a distorted 
trigonal antiprism at distances from 2.75 to 3.15 A. 
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Table 33. Interatomic distances fn Naj.gZr^CljjBe (A) 
Zr-Zr Zr-Cia-a 
Zrl-Zr2 (x2)a 3.288(1) Zrl-C17 (x2) 2.771(3) 
Zrl-Zr2 (x2) 3.294(1) Zr2-C17 (x2) 2.773(3) 
Zrl-Zr3 (x2) 3.294(1) 
Zrl-Zr3 (x2) 3.310(1) 
Zr2-Zr3 (x2) 3.299(1) Zr-Cl® 
Zr2-Zr3 (x2) 3.308(1) Zr3-C16 (x2) 2.667(3) 
d 3.299 
Na-Cl 
Zr-Be Nal-C16 (xl) 2.681(5) 
Zrl-Be (x2) 2.3255(9) Nal-C16 (xl) 2.717(6) 
Zr2-Be (x2) 2.3286(9) Nal-C17 (xl) 2.759(5) 
Zr3-Be (x2) 2.3436(9) Nal-C18 (xl) 2.844(5) 
-
2.333 
Nal-C15 (xl) 2.916(5) 
d Nal-C12 (xl) 3.058(6) 
Nal-Nal (xl) 3.724(9) 
Zr-Cli Nal-Zrl (xl) 4.078(4) 
Zrl-C13 (x2) 2.561(3) 
Zrl-C14 (x2) 2.574(3) Na2-C14 (xl) 2.743(9) 
Zrl-ClS (x2) 2.576(3) Na2-C16 (xl) 2.813(9) 
Zrl-C15 (x2) 2.585(3) Na2-C14 (xl) 2.814(9) 
Zr2-Cll (x2) 2.542(3) Na2-C15 (xl) 2.883(9) 
Zr2-C12 (x2) 2.578(3) Na2-Cll (xl) 2.997(9) 
Zr2-C18 (x2) 2.588(3) Na2-C17 (xl) 3.159(9) 
Zr2-C15 (x2) 2.596(3) Na2-C18 (xl) 3.389(9) 
Zr3-Cll (x2) 2.559(3) Na2-Zr2 (xl) 3.802(9) 
Zr3-C13 (x2) 2.576(3) Na2-Zrl (xl) 3.893(8) 
Zr3-C14 (x2) 2.592(3) Na2-Na2 (xl) 3.99(2) 
Zr3-C12 (x2) 2.600(3) 
Na3-C17 (x2) 2.752(4) 
Na3-C13 (x2) 2.810(5) 
Na3-C12 (x2) 3.122(8) 
Na3-Zrl (x2) 3.953(3) 
^Number of times the distance occurs per cluster or cation. 
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Figure  34  
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Cl 4 
Cl 1 
Cl 7 
Na 2 
Cl 4 
Cl 5 
Cl 6 
Figure 35. The six-coordinate Na2 site in Nag.gZrgCl^^Be. The site 
has no crystallographically imposed symmetry. C16 is the 
unshared terminal chlorine atom. (50% ellipsoids) 
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Cl 7 
Cl 2 
Na 3 
Cl 3 
Figure 36. The Na3 site in Na^ ^ZrgCl^^Be. The six-coordinate site 
has 1 symmetry, and no terminal Cl6^ atoms lie within 
4.0 A. The shortest Na3-Cl distances are to 017^"^ at 
2.752(4) A. (50% ellipsoids) 
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Occupation of the three cation sites appears to be controlled 
largely by electrostatic factors. The Na2 site at 60% occupancy, has two 
next-nearest zirconium neighbors at 3.8-3.9 A. The Na3 site, 80% occu­
pied, has two zirconium neighbors at 3.95 A and the fully occupied Na2 
site has only one zirconium neighbor at 4.08 A. A second sodium cation 
site lies 3.72 A from the Nal site, but this should be electrostatically 
less important than the distances to the presumably more positively 
charged zirconium atoms. In addition, two short contacts with the more 
negative chlorine atoms in the structure, the unshared terminal C16 
atoms, make the Nal site the preferred cation position. 
The structure of Cs^ ^^^Zr^Cl is clearly related to that of 
Na^ gZrgCl^^Be, being made up of stacked, two-dimensional sheets of 
clusters. The connectivity is analogously formulated 
2[ZrgCl''^2C]cl®"®i^^2^^% • Accommodation of the larger cesium cations 
however, results in some interesting modifications of the cluster layers 
and their stacking. 
The cluster layers, which run in the 10Ï direction in P2^/n, 
have a significantly more buckled appearance than those in 
Na^^gZrgCljgBe, with the clusters now canted nearly 30° from the dir­
ection normal to the cluster layers. The buckling has also reduced the 
Zr-Cl®"^-Zr intercluster bridging angle to a more typical value of 
133°. Transformation of the structure from P2^/n to PZ^/c, which moves 
the cluster sheet from the [10Ï] plane to the [100] plane, shows that 
although the repeat distance in the stacking direction is only one layer 
thick, the layers are stacked such that clusters in one layer lie over 
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voids in the layers above and below. The translation of the cluster 
layers is described by the -130° monoclinic angle. The cluster layers 
are related by a series of screw axes between them. Conversion of the 
cell to one with pseudo-orthorhombic symmetry with Na^^^Zr^Cl^^Be-type 
geometry, Figure 37, shows the angle between the cluster layers and the 
stacking direction (Y in Na^^gZrgCl^gBe) has opened-up to 97.4°. The 
interlayer distance has increased 43% over that in Na^ ^gZr^Cl ^^^Be to 
9.44 A in order to accommodate the larger cesium cations. The small 
tunnel-like structures between layers in Nag.gZrgCl^^Be have also 
collapsed as a consequence of the increased tilt of the clusters. 
The ZTgCl^gC cluster in CSg^^Zr^Cl^gC is the first 15-electron 
cluster prepared in the zirconium chloride system and exhibits Zr-C and 
Zr-Zr distances which are consistently shorter than those in the corre­
sponding 14-electron, carbon-centered clusters. The Zr-C distances aver­
age 2.261 A which gives an effective carbon crystal radius of 1.40 A, a 
value identified to that seen in the 16-electron cluster Zr^I^gC. The 
Zr-Zr distances average 3.197 A, about 0.025 A shorter than the average 
Zr-Zr distances in the 14-electron clusters KZrgCl^^C and Na^.^ZrgCl^gC. 
The Zr-Cl distances are slightly shorter than those in Na^^gZrgCl^gBe, 
but follow the same trend. The Zr-Cla distance is 2.596(6) A and the 
Zr-Cldistances average 2.689 A. Interatomic distances in 
CSg16^ are compiled in Table 34. 
The CSg.gZrgClj^gC structure has two distinct crystallographic 
cation sites which are virtually identical in geometry and together are 
capable of accommodating up to four cations per cluster. 
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Figure 37. An approximately [001] view of the structure of 
Csg .o^rgCligC in P2^/c. The ^ 1 axis runs from the 
front lower left cluster to the upper left cluster. All 
CI^ and Cs atoms have been omitted for clarity. (90% 
ellipsoids) 
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Table 34. Interatomic distances (A) 
Zr-Zr Zr-CI*-* 
Zrl-Zr2 (x2)* 3.197(3) Zr2-Cll (x2) 2.697(5) 
Zrl-Zr2 (x2) 3.214(3) Zr3-Cll (x2) 2.682(6) 
Zrl-Zr3 (x2) 3.182(3) 
Zrl-ZrS (x2) 3.212(3) 
Zr2-Zr3 (x2) 3.188(3) Zr-Cl® 
Zr2-Zr3 (x2) 3.190(3) Zrl-C15 (x2) 2.596(6) 
a 3.197 
Cs-Cl 
Zr-C Csl-C15 (xl) 3.498(6) 
Zrl-C (x2) 2.272(2) Csl-Cll (xl) 3.542(6) 
Zr2-C (x2) 2.261(2) Csl-ClS (xl) 3.554(6) 
Zr3-C (x2) 2.249(2) Csl-C14 (xl) 3.658(6) 
3 Csl-C18 (xl) 3.700(5) 
• b • 0 X Csl-C12 (xl) 3.775(6) 
. Csl-C17 (xl) 3.791(5) 
Zr-Cl^ Csl-C16 (xl) 3.908(6) 
Zrl-C18 (x2) 2.537(5) Csl-C13 (xl) 3.917(6) 
Zrl-C14 (x2) 2.544(5) Csl-C16 (xl) 3.919(6) 
Zrl-C13 (x2) 2.545(6) - 7 79A 
Zrl-C16 (x2). 2.583(5) d V # / W 0 
Zr2-C14 (x2) 2.528(5) CS2-C11 (xl) 3.514(6) 
Zr2-C12 (x2) 2.543(6) Cs2-C15 (xl) 3.558(6) 
Zr2-C17 (x2) 2.552(5) CS2-C15 (xl) 3.602(6) 
Zr2-C16 (x2) 2.582(5) Cs2-C14 (xl) 3.656(6) 
Zr3-C18 (x2) 2.536(5) CS2-C18 (xl) 3.664(6) 
Zr3-C13 (x2) 2.547(6) CS2-C13 (xl) 3.766(6) 
Zr3-C12 (x2) 2.566(6) CS2-C12 (xl) 3.776(6) 
Zr3-C17 (x2) 2.570(5) Cs2-C16 (xl) 3.942(6) 
CS2-C18 (xl) 4.027(6) 
Cs2-C16 (xl) 4.055(6) 
a 3.756 
^Number of times the distance occurs per cluster or cation. 
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The Csl site, fully occupied in Cs Zr CI C, lies approximately 
3 • 0 6 16 
one-third and two-thirds of the way between cluster layers, associated 
with a void in the cluster layer closest to it. The site, shown in 
Figure 38, has no crystallcgraphically imposed symmetry and is surrounded 
by seven chlorine atoms at an average distance of 3.645 A. Six of the 
chlorine atoms form a ring slightly below the cation, while the seventh 
chlorine atom lies above and over an edge of the ring. Three additional 
chlorine atoms between 3.90 and 3.92 A from the Cs position fill out the 
coordination sphere above and below the ring. Dashed lines have been 
drawn between these three latter chlorine atoms and the cesium atom in 
Figure 38 to indicate the somewhat longer distances. 
The second cesium site, pictured in Figure 39, is nearly identical 
in size and shape to the Csl site just described. Topologically, the 
site is composed of ten chlorine atoms, two above a six-membered ring and 
two below. The cesium atom sits slightly above the six-membered ring. 
As was done in Figure 38, the three longest Cl-Cs2 distances have been 
drawn in dashed lines in Figure 39 and are approximately 0.2 A longer 
than any of the other Cs2-Cl distances. The Cs2 site is situated 
approximately midway between cluster layers and has a refined occupancy 
of 0.535(6) A in Cs^^^ZrgCl^gC. The site is just slightly larger than 
the Csl site (a 0.03 A difference in the average Cs-Cl distance) which 
appears to account for its partial occupancy compared to the full occu­
pancy of the Csl site. 
Although the rather unusual chlorine environment around both the 
cesium atoms has not significantly affected their thermal parameters. 
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Figure 38. The chlorine environment around Csl in Cs Zr iCl C. The 
3 * 0 6 1 6  
site has no crystallographically imposed symmetry. The CIS 
atoms are unshared terminal chlorine atoms. The dashed lines 
are distances over 3.90 A. (50% ellipsoids) 
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Figure 39. The Cs2 site in Cs^.^Zr^Cl^gC. The site has no crystal To-
graphical Ty imposed symmetry and shows a remarkable simi­
larity to the Csl site (Figure 38). Dashed lines indicate 
distances over 3.90 A. CIS atoms are unshared terminal 
chlorine atoms. Ellipsoids are drawn at 50% probability 
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both of the latter are somewhat elongated in the direction perpendicular 
to the 'Clg ring' {~2:1). 
The CSg gZrgCl^gC structure and, hence, the Na^ gZrgCl^gBe 
structure show an unmistakable similarity to the structure of 
KgZrgCljgBe. The puckered square net-like sheets of Zr^Cl^gZ clusters in 
KgZrgCljgBe are clearly evident lying perpendicular to t in Figure 
26. The linear Cl^"® bridges between cluster layers have dis­
appeared in CSg.QZr^Cl^gC as a result of the addition of one chlorine 
atom to each cluster in K^ZrgCl^gBe. The cluster layers have been trans­
lated half a unit cell in the Ë and c directions (K^ZrgCl^gBe cell) 
with respect to one another to make room for the additional chlorine 
atoms and have also opened up slightly, reducing the cluster tilt. The 
(S+î)/2 translation of the cluster layers with respect to one another 
may also be thought of as a reflection of every other layer through a 
mirror plane lying in the cluster layer. The end result in either case 
is the same, i.e., every cluster layer is puckered in the same direction 
at the same time. The relationship between the cation sites in the 
structures is considerably more distant because of the layer 
translation. 
The layer-like structures of Na, Zr,Cl,.Be and Cs, Zr CI C 3 *9 6 16 3 '0 6 16 
offer an opportunity to pursue an intercalation/ion-exchange chemistry 
similar to the more common layered compounds.1^3 j^e flexibility of 
the cluster sheets through rotation and bending of the Zr-Cl^"^-Zr 
bonds should allow many differently sized and shaped monoatomic and 
polyatomic cations to be accommodated. Oxidation and reduction of the 
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ZPgCli^Z clusters under mild conditions may also be possible. Two 
initial ion-exchange reactions with Mas.gZrgClj^gBe KAlClj^ and 
CsAlCl^ at 300°C and 400°C, respectively, appear encouraging as reactions 
occurred in both cases. Unfortunately, the flexibility of cluster sheets 
which makes them attractive host materials, also makes indexing and 
interpretation of the powder diffraction patterns difficult because of 
the large intensity and line position changes associated with the 
puckering of the cluster sheets. Thus far, neither ion-exchange product 
has been characterized. 
Na^ gZrgCl^gBe also shows hints of what maybe an interesting solu­
tion chemistry. Na^ yZr^Cl^gBe, when placed in acetone dissolves to 
give a dark red-violet solution which becomes colorless in air within 
minutes with the formation of a white precipitate. Further study will be 
required to determine if the chemistry can be controlled or is of 
interest. 
«6*1» 
The terminus of the family of stoichiometrics derived from the 
cluster, namely , has been known in the niobium chlorides 
for some time.3 K^Nb^Cl^g and a variety of other NbgClig"" (n = 2,3,4) 
salts prepared from it have all been shown by single crystal X-ray dif­
f r a c t i o n  s t u d i e s  t o  c o n t a i n  i s o l a t e d  N b ^ C l ^ g M -  c l u s t e r s . T h e  
studies also showed systematic increases in the Nb-Nb distances occur 
with one- and two-electron cluster oxidations.1^4 Recently, the syn­
thesis and structure of K^NbgBrig was also reported.is? The significance 
of these compounds beyond their position at the end of the to M^X^g 
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cluster series, particularly K^NbgCl^g which is the only one prepared at 
high temperatures, is that they provide a facile route to NbgCl^g"-
clusters in solution, and to a cluster chemistry inaccessible in the 
solid state. Reversible cluster oxidation in solution and cluster inser­
tion together with exhaustive oxidation in clay systems to form pillared 
clays are two examples of the chemistry now accessible.145,146 
The successful expansion of the interstitially stabilized zirconium 
chlorides into the MgX^g compounds with Rb^Zr^Cl^gB and more recently, 
LigZrgCl^gH^s should open the way for the rapid development of a poten­
tially rich area of cluster solution chemistry. 
Synthesis 
RbgZrgCljgB was initially obtained as the major product in the reac­
tion of Zr powder, ZrCl^, RbCl and amorphous B powder at 850°C in ratios 
to give the composition Rb^ZrgCljgB. The reaction was air quenched after 
13 days. The composition used, was dictated by previous experience in 
systems with carbon interstitial atoms. Reactions loaded to prepare 
M^gZrgCljgC, = Na, K, and Rb, had given products with powder dif­
fraction patterns similar to that of K^NbgCljg.3 Electronically an 
Ml^ZrgCl^gC composition seemed entirely plausible, simply a combination 
of the known cluster ZrgCl^^C and M^ci. Unfortunately, all the crys­
tals examined were apparently twinned and structurally intractable. 
Attempts to index the X-ray powder patterns also failed to provide a 
satisfactory solution. The Rb-B combination, although failing to solve 
the problem with the carbides, provided a compound with an entirely new 
powder diffraction pattern and for which the composition and structure 
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were determined by single crystal X-ray diffraction. Rb^Zr^Cl^gB is most 
efficiently prepared by the reaction of Zr powder, ZrCl^, RbCl and amor­
phous B powder in a Rb^Zr^Cl^^B composition. The slightly reducing 
conditions, as noted for Cs^Zr^Cl^gZ (Z = B, C), appear to facilitate 
formation of the desired material. A stoichiometric reaction for 
RbgZrgCljgB yielded an unidentified compound and RbgZrClg. Stoichiomet­
ric reactions with NaCl or KCl instead of RbCl produced yet another 
structurally uncharacterized compound in the former case, and K^Zr^Cl^^B 
and K ZrCl in the latter case. 
Crystallography 
Two octants of single crystal X-ray diffraction data were collected 
on a dark-red, rectangular prism of Rb^Zr^Cl^gB using w-scans and mono­
chromatic Mo Ka radiation. The orthorhombic unit, calculated by indexing 
twelve tuned reflections initially found by film methods,^26 was consis­
tent with Polaroid axial photographs taken on the diffractometer both in 
terms of axial lengths and Laue symmetry. Details of the diffraction 
study are summarized in Table 35. 
The space group Pmna was chosen on the basis of the observed system­
atic extinctions and an assumed centricity which was supported by a 
Wilson plot. The structural solution to the phase problem was obtained 
by direct methods. Two randomly oriented, octahedral Zr^ units were 
included as input to the normalization routine. The positions of the two 
most intense peaks in a Fourier map calculated using the phase solution 
obtained with the program MULTAN-SO^S were assigned to zirconium atoms 
and used as a starting point for further calculations. Successive cycles 
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Table 35. Summary of crystallographic data for Rb^Zr^Cl^gB 
Space Group Pmna 
Z 2 
a, 10.914(4) 
b 9.078(4) 
c 17.769(5) 
V, A3 1760(1) 
Crystal dimen., mm 0.18x0.21x0.37 
Radiation Mo Ka, graphite 
monochromator 
20(max), deg. 55.0 
Scan Mode w 
Reflections 
octants hk&; hk& 
measured refl. 4528 
observed refl. 2750 
independent refl. 1437 
R(ave), % 1.5 
y, cm"! 97.2 
Transm. coeff. range 0.74 - 1.00 
Secondary ext. coeff. 1.9(3) X 10-6 
R, % 2.5 
R ( w ) ,  %  2.7 
^Guinier powder diffraction data. 
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of least-squares refinement and Fourier map calculations were used to 
locate the remaining atoms in the structure. The boron interstitial 
atom, located last on a difference map as an approximately 5-electron 
residual in the cluster center, was added to the model following iso­
tropic refinement of all other atoms in the structure. Electron density 
maps of the structure showed large streaks of positive density corre­
sponding to 4-5 electrons at the peak running through the cell parallel 
to the "S and t axes, apparently a consequence of termination 
effects in the Fourier series. Difference maps of the structure were 
unaffected. The Rb3 atom, positioned at a site of 2/m symmetry at 
(0,1/2,1/2), exhibited an extremely long cigar-like thermal ellipsoid in 
the approximately [Oil] direction. Principal axial ratios of 1.5:14.7:1 
were observed. The symmetry at the Rb3 site was accordingly reduced to m 
by allowing the Rb3 atom to move from the inversion center, within the 
plane perpendicular to %. Refinement of the split Rb3 site proceeded 
smoothly to give two-inversion related Rb3 sites separated by 1.08 A. 
Occupancies of the two sites were constrained to be equal. Anisotropic 
refinement of the Rb3 atom in the new position gave a still elongated, 
but more reasonable thermal ellipsoid, with principal axial ratios of 
1.9:6.0:1. The Rb3 atom appears to be disordered over the two symmetry-
related positions. Superstructure reflections were not observed in any 
of the axial photographs taken on the diffractometer or in powder 
diffraction patterns of the compound. Attempts to reduce the space group 
symmetry to the acentric group Pmn2^ or Pm2a (the latter requires the 
origin be moved to (1/4,0,1/4)) failed to provide a more satisfactory fit 
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of the data than the disordered Pmna model. Refinements in the acentric 
space groups required formerly inversion-related atoms to be varied in 
alternate cycles to prevent excessive shifts associated with coupling of 
inversion-related parameters. Thermal parameters for Rb3 in Pmn2^ and 
Pm2a were 1.5-3.0 times larger in the direction of elongation than those 
in the split Rb3, Pmna refinement. Further reductions in space group 
symmetry, namely to monoclinic groups, appears to be unwarranted on the 
basis of the acentric orthorhombic refinements, the satisfactory data 
averaging in Pmna, the axial photographs and the otherwise very satis­
factory refinement of the disordered Pmna model. 
Application of a secondary extinction correction and a reweighting 
of the data in ten overlapping groups based on jFobsl gave final R 
and R^ values of 2.5 and 2.7%, respectively. Refinement of the struc­
ture with the Rb3 atom constrained to the inversion center gave R and 
R^ values of 3.0 and 3.7%, respectively. Final positional and thermal 
parameters for the disordered model are given in Table 36. Observed and 
calculated structure factor amplitudes are available in Appendix N. 
Structure and discussion 
The structure of Rb^ZrgCl^gB is composed of isolated 
[Zr^Cl^^gBjClGg clusters in a sea of rubidium cations. The clusters, 
when viewed down the t axis as in Figure 40, are arranged in close-
packed layers with the pseudo-3 axis of each cluster oriented perpen­
dicular to the cluster layers. The cluster layers stack directly on top 
of one another in an ...AA... fashion along the S axis to give, 
what can be thought of as, columns of stacked Zr^Cl^gB clusters. The 
Table 36. Positional and thermal parameters for Rb Zr CI B 
5 6 18 
Atom X y z 
Zrl 0 0.14059 (7) 0.10858(3) 1.69(2) 
Zr2 0.35076(3) 0.15361(5) 0.54965(2) 1.44(1) 
Cll 0.1679(1) 0 1/2 1.45(5) 
C12 0.33388(9) 0.0127(1) 0.67368(6) 2.26(4) 
C13 0.3327(1) 0.3202(1) 0.43381(6) 2.75(5) 
C14 0 0.6679(2) 0.11266(9) 2.14(6) 
C15 0.3251(1) 0.6825(1) 0.11011(7) 2.26(4) 
C16 0 0.2834(2) 0.24198(9) 3.40(7) 
Rbl* 0 0.04118(9) 0.66387(4) 3.05(3) 
Rb2b . 1/4 0.47501(9) 1/4 3.80(4) 
Rb3C 0 0.4551(3) 0.4801(2) 4.87(9) 
B^ 0 0 0 1.5(2) 
^Occupancy refined to 0.997(3). 
Occupancy refined to 0.991(4). 
^Occupancy refined to 0.504(4). 
Occupancy refined to 1.05(4). 
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^22 633 Bi2 ®13 ^2 3 
2.25(2) 1.35(2) 0 0 -0.26(2) 
2.16(2) 1.54(1) 0.15(1) 0.07(1) -0.09(1) 
3.37(7) 2.34(6) 0 0 -0.55(5) 
3.75(5) 1.48(4) 0.52(4) 0.50(3) 0.30(4) 
2.71(5) 2.46(4) 0.82(4) 0.23(3) 0.63(3) 
2.70(7) 3.11(7) 0 0 1.07(6) 
2.91(5) 3.28(5) 0.53(4) -0.53(4) 0.42(4) 
3.25(7) 2.33(6) 0 0 -0.89(6) 
4.14(4) 2.67(3) 0 0 0.86(3) 
4.17(4) 3.71(4) 0 0.43(3) 0 
9.7(3) 8.3(3) 0 0 6.4(2) 
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Figure 40. An approximately [001] view.of the three-dimensional struc­
ture of RbgZrgCl^gB with CI^ atoms omitted for clarity. 
Small crossed ellipsoids inside the trigonal antiprismatic 
Zrg clusters are B atoms. Rb2 and Rb3 lie between cluster 
layers while Rbl resides within the cluster layers (90% 
ellipsoids) 
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rubidium cations are distributed around the cluster columns, both within 
and between the cluster layers. A projection of the cluster columns down 
Î is shown in Figure 41. 
The individual Zr^Cl^gB clusters have crystallographically imposed 
2/m (Cgh) symmetry, the mirror plane being perpendicular to t. The Zr^B 
cluster is mildly elongated along the psuedo-3 axis. The Zr-Zr 
distances normal to the 3 axis (intralayer) are within 2a of 3.254 A, 
while the interlayer distances are 3.299(1) and 3.300(1) A, which give 
the metal cluster an experimentally observed y symmetry. The Zr-B 
distances are consistent with a boron crystal radius of 1.46 A. The 
Zr-Cl distances are typical for zirconium chloride clusters with Zr-Cl^ 
distances averaging 2.56 A and longer Zr-Cl^ distances of 2.702(2) and 
2.655(1) A. Interatomic distances are compiled in Table 37. 
The rubidium atoms occupy three crystallographically distinct sites 
within the cluster array. Rbl occupies a nine-coordinate site situated 
between clusters within the cluster layer. The site is bounded by a ring 
of six chlorine atoms ~0.4 A below the Rb plane (y = 0.04), two terminal 
chlorine atoms above (CI5^) and one below (CI6®) as shown in Figure 
42. The Rb-Cl distances range from 3.294(2) - 3.657(2) A and average 
3.450 A. The summation of the crystal radii for chlorine and nine-
coordinate rubidium is 3.44 A.^^? 
Rb2 resides in a six-coordinate site approximately midway between 
cluster layers. The chlorine polyhedron around the site, shown in Figure 
43, approximates a trigonal antiprism. The rubidium atom lies slightly 
closer to the rectangular face of the prism made up solely of terminal 
Figure 41. A [010] projection on y = 0 of the cluster columns in Rb^Zr^Cl^gB. The six Cl^ 
and six CI® atoms above and below each Zr^B cluster have been omitted for clarity. 
Crossed ellipses between clusters are Rbl atoms (50% ellipsoids) 
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Table 37. Interatomic distances in Rb^Zr^Cl^gB (A) 
Zr-Zr Zr-Cl* 
Zrl-Zr2 (x4) ® 3.2515(9) Zrl-C16 (x2) 2.702(2) 
Zrl-Zr2 (x4) 3.299(1) Zr2-C15 (x4) 2.655(1) 
Zr2-Zr2 (x2) 3.258(1) 
Zr2-Zr2 (x2) 3.300(1) Rb-Cl 
-
3.277 
Rbl-C15 (x2) 3.294(2) 
d Rbl-C16 
Rbl-C12 
(xl) 
(x2) 
3.388(2) 
3.418(1) 
Zr-B Rbl-Cll (x2) 3.461(1) 
Zrl-B (x2) 2.3133(8) Rbl-C12 (x2) 3.657(2) 
Zr2-B (x4) 2.3186(7) 
-
2.3168 
Rb2-C15 (x2) 3.225(1) 
d Rb2-C16 (x2) 3.239(1) 
Zr-Cli 
Rb2-C13 (x2) 3.668(1) 
Zrl-C13 (x4) 2.561(1) Rb3-C15 (x2) 3.237(3) 
Zrl-C12 (x4) 2.562(1) Rb3-C15 (x2) 3.247(3) 
Zr2-C12 (x4) 2.555(1) Rb3-C13 (x2) 3.920(2) 
Zr2-C14 (x4) 2.555(1) Rb3-C13 (xl) 1.079(6) 
Zr2-C13 (x4) 2.562(1) Rb3-C16 (x2) 4.509 
Zr2-Cll (x4) 2.589(1) 
^Number of times the distance occurs per cluster or cation. 
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Figure 42. The nine-coordinate Rbl site in RbgZrgCl^gB. The Rbl posi­
tion lies about 0.3 A above the least-squares plane formed by 
the six Cll and C12 atoms shown. The CIS and C16 atoms above 
and below the plane occupy terminal positions on the cluster. 
A crystallographic mirror plane lies approximately in the 
page (50% ellipsoids) 
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Figure 43. The Rb2 site in RbgZrgCl^gB viewed along the two-fold axis. 
CIS and C16 are terminal chlorine atoms on the cluster. All 
ellipsoids are drawn at 50% probability 
209 
chlorine atoms (CIS, C16). The rubidium to terminal chlorine distances 
average 3.232 A, while the other two distances (to C13) are 3.668(1) A. 
Both the Rbl and Rb2 positions refined to full occupancy. 
The Rb3 site also lies approximately midway between cluster layers. 
The site, illustrated in Figure 44, actually consists of two preferred 
rubidium positions situated 0.54 A from the cavity center. Rb3 is dis­
ordered over the two positions, randomly occupying one or the other posi­
tion. Occupation of both positions within a single cavity is, of course, 
precluded by the very short Rb3-Rb3 contact that would result (1.08 1^). 
Displacement of the rubidium atom from the inversion center in the middle 
of the cavity effectively lengthens what would apparently be four short 
Rb3-C15^ distances in the eight-coordinate site and shortens two of the 
four long Rb3-C13 distances. In the new six-coordinate position, the 
Rb3-C15® distances have increased from 3.196 A to 3.237 and 3.247 A and 
two Rb3-C13 distances have shortened to 3.920 A from 4.151 A. The aver­
age Rb3-Cl distance is 3.468 A in the six-coordinate site. 
The eclipsed stacking of clusters in RbgZrgCljgB appears to be the 
most favorable cluster arrangement for providing five appropriately sized 
cation sites per cluster, while maximizing the number of rubidium to ter­
minal chlorine contacts. The columnar stacking provides an average of 
3.6 terminal chlorine contacts for each rubidium cation, three for Rbl 
(x2) and four each for Rb2 (x2) and Rb(3) (xl). In contrast, the 
K^NbgClj^g structure,3 which only has four cation sites per cluster and 
hence cannot be used for Rb^Zr^Cl^gB, only provides three terminal 
chlorine contacts per cation. The nearly close-packed clusters in 
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Cl 3 
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Figure 44. The Rb3 cavity in RbgZrgCl^gB shown with one Rb3 position 
occupied. The inversion-related Rb3 position is indicated by 
the small filled circle. A mirror plane lies approximately 
in the page and an inversion center lies midway between the 
Rb3 positions. Distances between the Rb3 atom shown and 
surrounding CI atoms over 4.0 A are marked by the dashed 
lines (50% ellipsoids) 
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LigZrgClj^gH^s provide six cation sites per cluster, but also provide only 
three terminal chlorine contacts per cation. 
The structure of RbgZrgCljgB may also be viewed as a composition of 
close-packed chlorine layers stacked in the S direction with an 
ordered arrangement of zirconium atoms in octahedral holes between the 
layers. Layer A, at y = 0, runs through the center of the cluster layer 
and is made-up of a close-packed array of twelve chlorine, two boron and 
four rubidium(l) atoms per cell. A projection of the layer is shown in 
Figure 45. 
The second layer at y = 1/3 and designated B', is a pseudo-close-
packed layer similar in nature to the B' layer in KjZrgCl^gB. The layer, 
projected in Figure 26, is made-up of zones of six close-packed chlorine 
atoms separated by narrow gaps. In this case, as was the situation in 
*^215®' the triangular zones correspond to regions of B and C type 
packing, i.e., half the zones belong to what would be a B layer and half 
to what would be a C layer in a cubic close-packed system. The narrow 
gaps are necessary to maintain minimal Cl-Cl distances. 
The third layer, B" at y = 2/3, is related to B' by an inversion 
center at (1/2,1/2,1/2), or as a consequence of the mirror plane and a 
t r a n s l a t i o n  o f  ( $  +  t ) / 2 .  
The chlorine layer stacking in RbgZrgCljgB is then ...AB'B"... with 
zirconium atoms occupying all the trigonal antiprismatic sites between 
the A and B' and A and B" layers. Rubidium cations are found both in the 
A layer and between the B' and B" layers. A projection of the sites 
between the B' and B" layers is shown in Figure 47. Interestingly, a 
—> 
c 
Figure 45. A [010] projection on y = 0 of the close-packed layer of atoms in RbgZrgCljgB 
designated A. The large and small crossed.ellipses represent Rbl and B atoms, 
respectively. The open ellipses denote CI^ atoms 
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Figure 46. A [OlO] projection on y = 1/3 of the layer of chlorine atoms Rb^Zr^Cl^gB denoted B' 
The triangular zone of close-packed chlorine atoms in the center of the figure is 
related to others by two-fold axes normal to the projection plane at (x = ± 1/4, 
z = ± 1/4). Terminal chlorine atoms occupy the vertices of the triangular zones 
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Figure 47. A [010] projection of the cation sites between the B' (open 
ellipses, y = 1/3) and B" (cross-hatched ellipses, y = 2/3) 
layers in RbgZrgCl^gB. Rb2 atoms occupy the sites filled 
with a single small solid ellipse and Rb3 atoms occupy the 
cavities with pairs of solid ellipses. Note thç unoccupied 
trigonal antiprismatic sites bounded only by CI^ atoms at 
the corner and center of the cell projection 
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fourth cation position, a small octahedral hole between clusters in 
S, i.e., within the cluster columns, also exists, but is unoccu­
pied. Distances from the center of the small octahedral site to the 
neighboring chlorine atoms are 2.727 (x4) and 2.516 (x2) A. 
Structurally, Rb^Zr^Cl^gB can easily be derived from the CSgZrgCl^gC 
structure section). The conversion requires an oxidation of two 
chlorine atoms per cluster of CSgZrgCl^gC which opens the remaining 
Cl^ ^  bridges and yet retains the spatial arrangement and orienta­
tion of the clusters within the layer. The cluster tilt is increased to 
-55° to line-up the pseudo-3 axes of the clusters perpendicular to 
the layer, and the 130.8° angle which staggers the cluster layers, has 
been straightened up to 90° to give an eclipsed stacking of clusters. 
The structure of K^NbgCl^g^ also shows a close relationship to the 
structure of Rb^ZrgCl^gB. Like RbgZrgCl^gB, K^NbgCl^g is built-up of 
close-packed cluster layers, in this case, coincident with the [0011 
plane. Stacking of the cluster layers is staggered even though the 
repeat unit contains only one cluster layer, because of the pseudo-
translation provided by the 115° monoclinic angle. In RbgZrgCl^gB, as 
was noted, the clusters stack directly on top of one another. The other 
significant structural difference between the two structure types is in 
the relative orientation of the clusters with respect to one another 
within the layer. In K^NbgCTig, the orientation of every cluster within 
a layer is identical, i.e., all clusters are related by translational 
symmetry elements of the space group. In contrast, the cluster centered 
on the [OlO] face of RbgZrgCl^gB is oriented differently than those on 
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the cell corners. In other words, one-half of the clusters in 
RbgZrgClj^gB are related simply by translational symmetry elements of the 
cell, while the other half also require a reflection or rotation. 
The most recent addition to the family is LigZrgCl^gH.^s The 
structure is composed of cubic close-packed layers of Zr^Cl^gH^- clusters 
arranged in the same fashion as the clusters in ZrgCl^gH. Lithium 
cations occupy six symmetry-related octahedral sites between clusters, 
while leaving a seventh octahedral site which is located directly above 
and below each cluster, completely unoccupied. 
The proposed solution chemistry for isolated Zr^Cl^^zn- clusters 
has recently gotten underway.^^^ The initial work with RbgZrgCljgB 
appears promising, but further work is needed to verify the integrity of 
the cluster after dissolution. 
Bonding 
To gain a better understanding of the role of the interstitial atom 
in the bonding and stabilization of ZrgCl^gZ"" clusters, extended-
Huckel molecular orbital calculations were carried out for a series of 
isolated clusters. The clearest approach to understanding the role of 
the interstitial atom is to examine the electronic structure of the 
unoccupied cluster first, and then to observe the effects as an atom is 
added at the cluster center. 
Several authors have previously examined the bonding in isolated 
MgXigM* c l u s t e r s ,30-32,36 ^ uch of the work having been done on 
NbeCli^""*". In general, except for the most recent work,^® the results, 
although predicting the right number of metal-metal bonding orbitals, are 
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in error because of the failure to include terminal halogen atoms in the 
calculations. The importance of the terminal atoms in correctly estab­
lishing the symmetries and energy ordering of the metal-metal bonding 
levels in the cluster are discussed in detail by Smith and Corbett.36 
The effects of the interstitial atom on cluster bonding have also been 
examined by several authors with results consistent with those presented 
h e r e . * i 4 8  
Although virtually all of the Zr^Cl^gZ clusters found in the struc­
tures studied are distorted from 0^ symmetry, all calculations were 
done on clusters with octahedral symmetry for the sake of simplicity. 
The energy level splittings associated with the observed cluster distor­
tions are all quite small (<0.2 eV) and do not change the ordering of the 
cluster orbitals. The major effect of the distortions is simply to 
remove the orbital degenercies imposed by 0^ symmetry. 
Molecular geometries and parameters used to describe the atomic 
orbital energies and spatial characteristics are given in Appendix A. 
The one-electron molecular orbital energies for an unoccupied 
ZrgClig'*" cluster are shown on the left side of Figure 48. At low 
energies, off the bottom of the figure, centered -30.5 eV, are a block of 
18 chlorine 3s orbitals. Above them, between -16.0 and -14.5 eV, are the 
54 molecular orbitals associated with Zr-Cl bonding and the chlorine 3p 
lone pairs. Considerable mixing between the Zr-Cl bonding orbitals and 
chlorine lone pairs prevents separation of the two groups. The next 
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eight orbitals, which will also be referred to as cluster bonding 
orbitals, are responsible for the metal-metal bonding in the cluster. In 
octahedral symmetry, the orbitals break down into four irreducible repre­
sentations, a^g, t^y, t^g and a^^ in order of increasing energy. 
Above the metal-metal bonding orbitals lie sets of metal-metal and metal-
chlorine antibonding levels. A sizable gap of 1.4 eV is calculated 
between the seventh (tgg) and eighth (agy) cluster orbitals. The 
size of the gap is at least partially a consequence of the Zr-Cl"' anti-
bonding component of the a^^ orbital. From an electron counting stand­
point, the 72 orbitals below the metal-metal bonding levels, can be 
considered to be al 1 of the chlorine valence levels. Hence, the number 
of electrons for metal-metal bonding is simply the number of metal 
valence electrons minus the number needed to fill the chlorine valence 
orbitals. Thus, for the cluster in question, one has 6(4) -
18(1) + 4 = 10 cluster electrons which gives the cluster an ®ig^tiu^^2g^ 
electronic configuration. It is clear that the cluster can contain at 
least 4 more electrons and needs 6 more to fill all of the metal-metal 
bonding states. 
ZfsC'.eC"-
The role of the interstitial atom in stabilizing the ZrgClj^g'»" 
cluster is depicted in the remainder of Figure 48 which shows the energy 
level changes associated with the inclusion of a carbon atom at the 
center of the ZrgClig^- cluster. Two things should initially be noticed: 
1) there is a strong interaction between the interstitial carbon orbitals 
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and the sjonmetry equivalent cluster orbitals, and 2) the number of 
cluster bonding orbitals does not change, only their energies. 
The molecular orbital diagram for the centered cluster, Zr^Cl^gC^-
is much the same as that of the unoccupied ZrgCl^g^- cluster of the same 
dimensions. The chlorine 3s and 3p levels, as well as the Zr-Cl bonding 
orbitals, remain essentially unchanged. Two significant changes, how­
ever, occur in the metal-metal bonding region. Interaction of the carbon 
2s orbital with the lowest energy Zr-Zr bonding orbital (both with a^g 
symmetry) creates a low lying a^g orbital at -22.6 eV, primarily carbon 
in character, although a small zirconium contribution is discernible, and 
a very high lying antibonding counterpart. In a similar fashion, a t^^ 
set of Zr-C bonding orbitals is formed at -12.4 eV and a higher energy 
antibonding set by the interaction of the carbon 2p orbitals with the 
cluster bonding orbitals of t^j symmetry. The remaining metal-metal 
bonding levels are unaffected by inclusion of the interstitial atom, 
which leaves the total number of cluster bonding orbitals unchanged at 
eight. Stabilization of the cluster by the interstitial atom, therefore, 
results from the formation of strong Zr-interstitial bonds and by the 
addition of the interstitial atom's valence electrons to the cluster 
bonding manifold. For electron counting purposes, the interstitial 
atom's valence electrons are counted as being 'donated' to the cluster 
because no change in the number of cluster bonding orbitals has occurred. 
Hence, for Zr^Cl^gC^" there are 6(4) - 18(1) + 4 + 4 = 14 cluster bonding 
electrons, which gives the cluster an electronic 
configuration. Although, the interstitial atom's valence electrons are 
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viewed as 'donated' to the cluster, a charge transfer from the 
interstitial atom to the metal cluster is definitely not implied. Rather 
the bonding is largely covalent, with the four new bonding orbitals in 
the carbide example having somewhat more carbon character, so that the 
charge on carbon is calculated to be about -1.8. Although the extent of 
charge transfer is probably exaggerated, it is certainly correct in sign. 
XPS carbon Is core data also support the charge transfer to carbon with 
sizable shifts to lower binding energies from the adventitious carbon 
reference (285.0 eV) in both Zr^Cl^^C (282.0 eV) and the related 
condensed cluster compound Zr^Cl^C (282.8 eV).60,74 
The ubiquity of 14-electron zirconium chloride clusters and their 
ease of formation compared to 15- and 16-electron examples, appears 
anomalous in light of the calculations which clearly suggest a 16-
electron/8 metal-metal bonding orbital system. The calculations are 
supported by the sizable number of 15- and 16-electron clusters that are 
known for the zirconium iodides and the niobium and tantalum halides, 
as well as by the changes in metal-metal distances in 14-, 15- and 16-
electron clusters.145 Two factors appear to be responsible for the 14-
electron preference shown by interstitially stabilized zirconium chloride 
clusters. First, compared with the zirconium iodide clusters, the magni­
tude of the Zr-X^ antibonding contribution in the zirconium chlorides 
to the a^y orbital which contains the 15th and 16th electrons is 
larger. The difference, reflected in the t^g-a^y gap and the percent 
X^ character of the orbital, 1.4 eV and 10.3% and 1.3 eV and 8.0% 
for the ZrgCljg*^" and Zrgl^g*^", respectively, is a direct consequence of 
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the matrix effect and the resultingly poorer overlap of the zirconium 4d 
orbitals with the H 5p levels than the analogous overlap in the 
chlorides. A measure of the matrix effect and, hence, the overlap, is 
the X^-Zr-X^ angle formed across trans-corners of the souare of X^ 
atoms around each zirconium atom. The angle indicates the extent to 
which the zirconium atoms have 'pulled in' from the square faces of the 
octahedron formed by the X^ atoms of the cluster. The smaller the 
angle, the larger the matrix effect and the poorer the overlap. The 
angle ranges from 156.3 to 163.1 in the zirconium iodide carbide 
clusters^G and from 166.8 to 170.8 in the zirconium chloride carbides. 
One of the implications is that 15- and 16-electron clusters should be 
more easily formed in systems with small interstitial atoms which allow 
shorter metal-metal bonds and produce a larger matrix effect. Indeed, 
KZrgCl^gN (KZrgCljgC-type) represents the first example prepared under 
this reasoning. Undoubtedly, more will follow. 
The second factor and clearly the most important where the niobium 
and tantalum halides are concerned, is the strength of the zirconium-
interstitial bonding. The stabilizing influence of the interstitial atom 
is particularly evident in the number of M^X^^Z clusters which have been 
prepared with fewer than 14-cluster bonding electrons, the fewest found 
in any unoccupied M^X^^ cluster. At least 6 examples of Interstitially 
stabilized zirconium halide clusters with 11-13 cluster bonding electrons 
are known.1^9 in contrast, all of the unoccupied niobium and tantalum 
halide clusters, which are held together entirely by comparatively weak 
metal-metal bonding, contain at least 15-cluster electrons if prepared by 
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solid state routes at high temperatures.^"6 All of the 14-electron Group 
V halide clusters are formed by oxidation of 15- and 16-electron clusters 
in solution near room temperature, and are most likely unstable at higher 
temperatures. Indeed, higher temperature reactions in 14-electron 
niobium halide systems, i.e., those with a Nb:X ratio of 6:16, prefer­
entially form trimers, namely NbgXg,i50,i5i NbgX^g clusters. 
Clearly, efforts to prepare empty zirconium halide clusters should focus 
on stoichiometrics which provide at least 15 cluster-bonding electrons. 
Although the strength of the metal-interstitial bonding is a major 
factor in stabilizing the metal framework of a centered cluster, signifi­
cant amounts of metal-metal bonding also exist and are important in clus­
ter formation and stability, particularly in the compounds with less 
electronegative interstitial elements. In 14-electron centered clusters, 
a maximum of 8 cluster-bonding electrons are involved in metal-
interstitial bonding which leaves 6 electrons exclusively for metal-metal 
bonding (tgg set). A convenient method of accessing the differences in 
metal-metal bonding between centered and empty clusters and between 
clusters with different interstitial atoms is found in the metal-metal 
overlap populations of the occupied cluster orbitals. For instance, by 
comparing the metal-metal overlap populations of the hypothetical 
14-electron cluster Zr^Cl^Q^" and ZrgCl^gC*", one finds that the centered 
cluster has only 35% of the metal-metal bonding of the empty cluster. 
Approximately 80% of the Zr-Zr bonding in the centered cluster comes from 
the 6 electrons in the t^g set, while the remaining 20% is residual 
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metal-metal bonding in the a^g and t^^ Zr-C bonding sets. The a^g 
and tj^y orbitals retain approximately 6 and 12.5% of their original 
Zr-Zr bonding character, respectively, after carbon inclusion. The 
energy of the interstitial atom's valence orbitals strongly affect the 
percentage of interstitial character present in the newly formed a^g 
and t^^ orbitals and, hence, the degree of metal-metal bonding 
retained. Beryllium, with valence orbital ionization energies of -10.0 
and -6.0 eV for the 2s and 2p orbitals, respectively, compared to values 
of -21.4 and -11.4 eV for carbon, gives a centered cluster which retains 
more than 60% of the Zr-Zr bonding present in an unoccupied isoelectronic 
cluster. The a^g and t^y orbitals, respectively, retain 26 and 56.5% 
of the Zr-Zr bonding character of the equivalent orbitals in the 
unoccupied cluster. The smaller Be contribution to the a^g and t^^ 
orbitals gives the interstitial beryllium atom a calculated charge of 
-0.2. Overlap populations for ZrgCl^g®", ZrgCl^gC*" and ZrgCl^gBe^-
clusters with identical geometries and dimensions are given in Table 38. 
Additional Observations 
The systematic chemistry observed for centered zirconium chloride 
clusters appears to be controlled by two principal factors: 1) the 
stability of 14-electron clusters and 2) the efficient packing of these 
clusters with the appropriate chlorine atom bridges and number of 
cations. These two factors have been combined and manipulated in this 
work to prepare over 35 examples of centered zirconium halide clusters in 
twelve different structure types plus several variations thereon. A 
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Table 38. Calculated Zr-Zr overlap populations for Zr Cl Z"" 
T Zr-Zr overlap populations 
Orbital ZrgCligS- Zr^Cl^gC^- Zr^Cl^geee-
^19 0.994 0.058 0.262 
tju (x3) 0.562 0.070 0.317 
tgg (x3) 0.347 0.347 0.347 
Total 3.721 1.309 2.254 
% Zr-Zr bonding retained® 
^19 100 6 26 
tiu 100 12.5 56.5 
S 9 100 100 100 
Total 100 35 61 
I Zr-Zr overlap pop of ZrgCl^gZ"" 
Zr-Zr bonding retained = x 100%. 
l Zr-Zr overlap pop of ZrgCljgS-
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summary of the compounds, structure types and connectivities is given in 
Table 39. 
The first factor, the so-called '14-electron rule', has been respon­
sible for much of the stoichiometric diversity observed. The entire 
series [Zr^Cl^gljClq, where n ranges from 0 to 3, was generated simply 
by changes in Z and, hence, the number of electrons available from the 
interstitial atom. Additional stoichiometries became accessible by the 
addition of cations. In a limited sense, it has become possible to pre­
dict and even control the stoichiometry of a reaction product by the 
combination of interstitial atoms and cations present in the reaction. 
The second factor, which is responsible for the structural diversity 
within a group of compounds having the same metal to chlorine stoichiome­
try, is considerably less well-understood. The consequences of this 
factor, however, are impressively shown by the group of M^Zr^Cl^gZ 
compounds which exhibit four distinct structural frameworks and at least 
three additional variations thereon. Within the section, the 
general principles that govern the preferred formation of one 
structure type over another under a given set of conditions are noted, 
however, in general, the subtle ionic, covalent and repulsive inter­
actions that determine the formation of a particular structure are 
difficult to recognize and to assess, particularly a priori. 
Some generalities, noted after the fact and based on the variety of 
systems studied, can be made, however. First, the [Zr^Cl^gZ] unit is an 
integral feature in all of the reduced zirconium halide systems studied 
that contain a small amount of a potential interstitial element, Z. In 
Table 39. Summary of interstitial1y stabilized zirconium clusters prepared 
Structure^ New isostructural Cluster connectivity^ Space 
type compounds group 
Zr^ClizH 
tZrgCl gCl G/z^Cl 6/2 hexagonal 
K Zr_Cl,.H . R3 
K^ZrCls-ZreClizH [Zr^CliizjCl*; hexagonal 
2 7 18 
(K,Rb)ZrgClj3Be Pnnm 
KZrsCl,,Be Zr^Cl^^B [Zr^Cl^^Cl^-^^, jCl^-%,3 orthorhombic 
ZreBrigB 
Zi-eClnB 
KbjClj, (Li-Cs,Tl)ZrjClj^B [Z'-5Cl\„Cl''\,2]Cl''"\„C1®"\,2 orthorhombic 
Zr^Br^.C 
CsZrgBri^C 
ZreBri^Fe 
Zr^ClisN laSd 
Ta.Cl,, Na, ,Zr,Cl,,C [Zr,Cl\^ubic 
[tetrc 
distortion) 
igUiig iMdQ 56^6^:15^ 12^^^ 6/2 
NagZrgCl^gB ( agonal 
(Cs,Rb)Zr C1,.C b^'15' 
KZr.Cli.C 
15 (CsK.CsRb.Rb^jZrgCl 
KZrgClisN 
CsZrgBr^gFe 
KjZrgCl15B 
Kz^rgCTisB K Zr CI Be 
Z b Id 
KjZr^CljsBe (K^.RbjjZr.Cl^^Be 
C S g Z P g C l j g C  
CSsZrsC'lsC CS3+ ZrsC'isB 
Cs^- Zr^ClijBe 
Na^Zr,Cl,,Be Na.Zr.Cl^.Be 
RbjZr^CljjB RbjZr.Cl^B 
Li Zr C1 H Li Zr CI h'= 
6  6  18  6  6  18  
^See Table 2 for references. 
Reference 1. 
^Reference 73. 
Pmma 
orthorhombi c 
[Zr,Cl\,lCl^-\„ 
[Zr,Cl\JC1^-\„CI% 
[Zr,Cl\,lCl''-%„Cl\ 
[Zr,Cl',JCl% 
Cccm 
orthorhombic 
C2/C 
monoclinic 
P2j/n 
monoclinic 
Pccn 
orthorhombic 
Pmna 
orthorhombic 
R3 
hexagonal 
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other words, no compounds containing Zr, CI and Z (Z = Be, B, C, N or H) 
which could not be viewed as constructed of Zr^Cl^gZ clusters have been 
observed. The strength of the Zr-Z bond is apparently responsible. In 
addition, as noted in the Introduction, the terminal positions of each 
Zr CI Z cluster are invariably occupied by additional chlorine atoms in 
some fashion, whether it be with isolated chlorine atoms or those shared 
with other clusters. 
Secondly, many of the structures are built-up of close-packed or 
pseudo-close-packed layers of atoms. The structures of ZrgCl^gBe, 
M gZr^CljgH, KZrgCl^gBe, Zr^Cl^^C, K^ZrgCljgB, Rb^Zr^Cl^^gB and 
LigZrgClj^gH can all be considered 'close-packed'. Many of the rare-earth 
and early transition metal halide systems that contain condensed cluster 
units also fit into this category.56 The packing efficiency in close-
packed structures is, of course, well-recognized. The structures which 
are not close-packed appear to be forced to adopt other arrangements to 
maintain both discrete cluster units and to accommodate the 
necessary number of cations. Evidence of this is seen in both the MgX^g 
and MgXjg compounds. 
Clear and largely predictable trends in the zirconium to intersti­
tial (Z) distances and, hence, the average cluster dimensions are 
observed. As expected on the basis of covalent radii, Zr-Be distances 
are longer than Zr-B distances which are longer than Zr-C and Zr-N 
distances. The trend, which appears linear at least from Be to C, is 
plotted in Figure 49 and suggests that the cluster dimensions, i.e., the 
Zr-Zr distances, are determined almost exclusively by the Zr-Z contact. 
2.340 
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2.300 
n 
I 2.280 
n 
—%— 14-electron clusters 
• other clusters 
2.260 
2.240 
2.220 
2.200 
1 2 3 6 4 5 
Valence Electrons 
Figure 49. The average Zr-interstitial (Z) distance in structurally characterized ZrgCljjZ 
clusters plotted as a function of the number of interstitial valence electrons. The 
line was calculated by a least-squares fit of the 14-electron cluster data excluding 
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Notable exceptions are seen in K„Zr_Cl,-H and Li.Zr_Cl,_H where the Zr-H Z / 1 o 6 6 18 
distance is longer than expected and in Cs^Zr^Cl^gC where the addition of 
a 15th electron reduces the Zr-C and Zr-Zr distances over the 14-electron 
examples plotted. The two hydride examples give a valuable baseline for 
Zr-Zr distances in 13-electron clusters (~3.196 A), as the distances in 
these examples are determined largely by metal-metal interactions rather 
than metal-interstitial contacts. The baseline for 14-electron clusters 
is expected to be at least 0.027 A shorter than in these hydrides based 
on the shortening of the Zr-Zr distances in Cs^Zr^Cl^gC over the average 
distance in 14-electron carbide clusters. 
Finally, all of the centered clusters prepared with the rare-earth 
and early transition metals other than Nbglj^^H and CsNbglj^H, are of the 
MgXi2-type. Whether this is simply a result of the centered cluster 
dimensions being large enough to accommodate twelve edge-bridging X atoms 
around it or an inherent instability of centered M^X^-type clusters 
because of the short interstitial to X^ atom distance is not known. 
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FUTURE WORK 
The interstitially stabilized zirconium halide clusters studied in 
the course of this work are part of what has developed into an extensive 
class of compounds. The primary focus of this research has been the 
preparation and structural characterization of compounds containing 
ZrgCljjZ clusters with new stoichiometries and structure types. The 
results obtained using a relatively limited number of different inter­
stitial elements have been nothing less than impressive. Further 
research along these lines is bound to result in even more new and inter­
esting compounds. The following are suggested as potentially fruitful 
avenues of investigation. 
Considerable effort has been expended on the preparation of new 
materials, but little time has been devoted to the characterization of 
these materials by methods other than single crystal X-ray diffraction. 
Other measurements of possible interest are outlined below. The odd 
electron clusters, Zr,Cl,„H, Zr^Cl, B and Cs,Zr^Cl should probably 6 1 2  6  l 4  3 6 1 6  
have their magnetic susceptibilities measured. The heat capacity of 
Zr CI H will likely show an anomaly when the hydrogen motion within the 
cluster freezes out. Although all of the cluster phases prepared are 
very likely to be semiconductors, conductivity measurements should be 
made on a couple of compounds to confirm this notion. If single crystals 
can be prepared of the related and highly anisotropic, condensed cluster 
compounds ZrgClgZ, (Z = B, C, N),60 conductivity measurements would be 
interesting. Ionic conductivities of MZr^Cl^^Be and M^Zr^Cl^^gZ com­
pounds with one- and two-dimensional structures for cation motion, 
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respectively, might also be enlightening. The use of Raman or infrared 
spectroscopy may provide useful information on the strengths of zirconium 
to interstitial bonds. The vibrational stretching frequencies of the M-Z 
bonds are expected to lie above the lattice vibrational modes. Several 
centered organometallie clusters of the late transition metals show M-Z 
stretching frequencies in the range of 550 — 1090 cmTi.70 , 152-154 
Observation of a characteristic M-Z band may also provide evidence of 
centered metal clusters in structurally uncharacterized systems. 
Several phases prepared in the course of this investigation remain 
unidentified. Reactions with the initial compositions LiZr^Cl^^C, 
(m' . Na. K. Rb), Na,Zr;C,,,B. BaZr^Cl,^e. Cs^Zr^Cli^C 
and CsgZrgCljgB yielded unknown products. Structural characterization of 
these phases will likely uncover new combinations of connectivities and 
possibly the first example of the elusive stoichiometry. Several 
of these will require preparation of single crystals, others will simply 
require data collection and a solution to the phase problem. 
The preparation of zirconium halide clusters with multivalent 
cations combined with interstitial atoms has already shown some signs of 
success. KLaZr.Cl,„C63 (K Zr_Cl_H-type) and an unknown compound with Ba 
D I o 2 7 1 o 
and 8 have already been prepared. Not only does the potential exist for 
the synthesis of additional centered clusters with multivalent cation in 
the chlorine lattice, but the preparation of empty zirconium halide 
clusters may be possible. Two specific routes to empty clusters are 
possible, namely, outright preparation of the empty cluster by an appro­
priate combination of reactants or the preparation of a hydrogen-centered 
234 
cluster followed by dehydrogenation. The first route, as noted in the 
Bonding section, will probably require compositions which provide 15-16 
cluster-bonding electrons. Possible target compounds and their electron 
counts include ScZr^Cl^g (15), Ba^Zr^Cl^g (15), La^Zr^Cl^^g (15) and 
Sr^Zr^Cl^g (16). The second route can be conveniently illustrated with 
the first target compound above. The formation of the ZrgCljg cluster 
may be facilitated by the presence of hydrogen to give the 16-electron 
cluster ScZrgCl^gH. Removal of the hydrogen by moderate heating in 
vacuum to give the empty cluster would complete the synthesis. An alter­
native approach to this latter route is to attempt reductive cation 
exchange, multivalent for monovalent, with subsequent or simultaneous 
hydrogen removal. For example, cations in the recently prepared compound 
LigZrgCl^gH^s might be exchanged for higher valent Mg2+ cations in a 
molten salt under reducing conditions to give a 15- or 16-electron 
cluster which could then be dehydrogenated under vacuum. Alternatively, 
the dehydrogenation could be attempted while the cluster was still in the 
molten salt with concurrent cation exchange and hydrogen removal. Inter­
stitial extraction will of course probably be limited to those clusters 
containing hydrogen. 
The preparation of zirconium chloride and bromide clusters with 
heavier interstitial elements including transition metals should be 
attempted. Some success in these systems has already been noted.63,155 
Further work with the zirconium chloride and bromide systems may afford 
structure types not presently observed in the heavy interstitial 
zirconium iodide and rare earth metal halide systems.62 
235 
Application of the systematic chemistry learned from this work with 
centered zirconium chloride clusters to other similar systems, most 
notably the titanium and hafnium halides, should provide further examples 
of centered clusters. The zirconium bromide interstitial systems, from 
the limited amount of work that has been done, appears to have a cluster 
chemistry intermediate to that observed in the chloride and iodide 
systems, exhibiting both a variety of structure types and cluster elec­
tron counts. 
The inclusion of interstitial atoms to stabilize clusters need not 
be limited to halide clusters. Several known metal sulfides suggest 
more opportunities may be available there. The double-metal layers in 
HfgSisG suggest an interstitial derivative chemistry similar to that seen 
for ZrCl with B, C, N60»i32 and' 0^2 may be possible. AggF^^? may 
also hold some interesting possibilities. The known compound, TagSgC.iss 
suggests compounds with B, N and 0 replacing C may also be possible. In 
addition, chains of condensed clusters with 10-13 electrons per unit 
such as Ta^SgB and KNb^SgB, should not be overlooked. The electron count 
range encompasses the known M^Xg chains for scandium, Sc^ClgB, Sc^ClgN/^o 
and SCgClgC^i and the related molybdenum analogue NaMo^Og.34 High 
temperatures (>1000°C) will probably be necessary to prepare these metal-
rich sulfides. 
Finally, the potential of solution and molten salt chemistry of 
interstitially stabilized zirconium halide clusters has barely been 
scratched in the present work. Opportunities for ligand exchange, cation 
exchange and cluster oxidation or reduction clearly exist in both media. 
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Once in solution, the clusters should be susceptible to many of the reac­
tions organometallic clusters undergo,67-71 possibly including even 
cluster condensation.^59-161 Intercalation of several materials 
including Zr^CligB and ZrgClgZGO may be possible using n-butyl lithium or 
recently described intercalation r e a g e n t s . 1 6 2  
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APPENDIX A. ATOMIC ORBITAL "PARAMETERS AND CLUSTER GEOMETRIES 
USED IN EXTENDED-HUCKEL CALCULATIONS 
249a 
ATOMIC ORBITAL PARAMETERS USED IN EXTENDED-HUCKEL CALCULATIONS 
orbital H..(eV) c/ cl^ c2^ 
Zr 5s -7.71 1.82 
5p -4.88 1.78 
4d -8.04 3.84 0.6213 1.505 0.5798 
CI 3s -30.00 2.36 
3p -15.00 2.04 
C 2s -21.4 1.625 
2p -11.4 1.625 
Be 2s -10.0 0.975 
2p - 6.0 0.975 
Nb 5s - 8.24 1.89 
5p - 5.24 1.85 
4d - 9.72 4.08 0.6404 1.637 0.5519 
^Slater-type orbital exponents. 
bCoefficients used in the double -zeta expansion. 
249b 
CLUSTER GEOMETRIES USED IN EXTENDED-HUCKEL CALCULATIONS 
CLUSTER ATOM X y z 
Zr 0 0 2.2840 
Zr 1.6150 1.6150 
CI 0 0 4.8840 
CI 3.4535 3.4535 0 
CI 3.5625 0 0 
CI 1.7812 1.7812 2.5191 
ZrsClieZ"-
Zr 0 0 2.2840 
Zr 1.6150 1.6150 
CI 0 0 4.8840 
CI 3.4535 3.4535 0 
CI 3.5625 0 0 
CI 1.7812 1.7812 2.5191 
Z 0 0 0 
250 
APPENDIX B. OBSERVED AND CALCULATED STRUCTURE FACTOR AMPLITUDES 
FOR KZrgCl^gBe 
145 
426 
7 
170 
136 
57 
180 
95 
112 
36 
107 
35 
41 
106 
91 
76 
61 
44 
110 
19 
66 
55 
32 
116 
127 
118 
95 
149 
420 
67 
225 
37 
42 
138 
48 
125 
55 
51 
33 
33 
36 
27 
24 
52 
34 
103 
60 
222 
99 
162 
27 
48 
74 
46 
33 
251 
R - 1 7 1 32 33 1 8 43 46 10 7 73 67 
K L Fo Fc 7 2 134 132 2 0 35 32 11 0 18 15 
0 1 80 81 7 3 19 22 2 1 80 78 11 2 74 75 
0 3 70 74 7 5 61 60 2 2 247 239 11 3 20 20 
0 5 153 149 7 6 61 59 2 3 207 203 11 4 18 21 
0 7 87 83 7 7 30 32 2 4 17 20 11 5 14 14 
0 9 105 100 7 8 49 49 2 5 46 46 11 6 45 42 
1 0 211 213 8 0 107 108 2 6 135 129 12 0 22 25 
1 1 61 59 8 2 39 40 2 7 177 169 12 1 56 57 
1 2 76 76 8 4 68 64 2 9 38 38 12 2 33 38 
1 3 97 95 8 5 16 18 3 0 213 216 12 3 36 35 
1 4 129 125 8 7 16 17 3 1 18 5 12 5 56 57 
1 7 76 69 9 0 25 25 3 2 253 249 12 6 22 23 
1 a 24 25 9 1 70 71 3 4 107 108 13 0 76 79 
2 0 65 66 9 2 25 27 3 6 91 82 13 2 31 33 
2 1 64 66 9 4 24 24 3 8 18 16 13 4 45 49 
2 2 42 47 9 5 100 96 4 0 159 159 14 0 14 21 
2 3 90 90 9 7 16 18 4 1 107 107 14 2 92 95 
2 4 13 15 10 0 61 63 4 2 12 13 14 3 76 74 
2 6 16 5 10 1 49 51 4 3 29 31 15 0 31 36 
2 7 60 58 10 2 30 34 4 4 105 107 15 2 119 118 
2 8 30 33 10 3 90 90 4 5 156 154 
3 0 84 87 10 4 36 39 4 7 61 62 H . 3 
3 1 13 10 10 6 50 48 4 8 62 61 K L Fo Fc 
3 2 77 78 10 7 78 76 4 9 98 101 0 1 138 141 
3 3 88 92 11 0 90 95 5 0 167 169 0 3 52 52 
3 4 57 57 11 1 45 48 5 1 13 9 0 5 126 125 
3 5 52 51 11 2 116 113 5 2 24 23 0 9 65 69 
3 6 42 44 11 3 54 50 5 4 112 113 1 0 148 151 
3 7 79 80 11 4 55 57 5 5 27 22 1 1 48 49 
3 8 21 24 11 5 32 35 5 6 43 43 1 2 26 28 
3 9 30 32 11 6 43 42 5 8 36 38 1 3 111 114 
4 0 26 23 12 0 111 119 6 0 63 63 1 4 84 83 
4 1 120 121 12 2 19 17 6 1 50 51 1 5 14 18 
4 2 58 58 12 3 43 47 6 3 60 59 1 7 91 92 
4 3 47 47 12 4 97 96 6 4 45 45 1 9 16 18 
4 4 27 28 12 5 62 60 6 5 28 28 2 0 120 102 
4 5 107 109 12 6 24 23 6 7 39 41 2 1 42 41 
4 8 53 52 13 0 68 71 6 8 16 21 2 2 313 327 
4 9 59 61 13 3 19 23 7 0 108 109 2 3 15 18 
5 0 149 150 13 4 55 50 7 1 16 17 2 4 40 31 
5 1 89 91 13 5 40 43 7 2 62 62 2 5 50 51 
5 2 148 148 14 0 39 47 7 4 65 61 2 6 154 153 
5 3 56 56 14 1 16 22 7 5 17 14 2 7 30 33 
5 4 75 76 14 2 76 76 8 0 179 183 2 8 44 45 
5 5 79 78 14 4 21 24 8 1 109 109 2 9 28 33 
5 6 47 49 15 1 21 25 8 2 22 25 3 0 128 125 
5 7 26 29 8 4 148 147 3 1 31 31 
5 8 21 13 H = 2 8 5 162 157 3 2 76 74 
5 9 43 44 K L Fo Fc a 7 45 45 3 3 122 119 
6 0 18 21 0 0 11 9 8 8 89 88 3 4 94 93 
6 1 12 12 0 2 77 77 9 0 215 220 3 5 121 118 
6 2 115 114 0 4 12 14 9 2 73 74 3 6 58 57 
6 3 101 101 0 6 32 37 9 3 12 13 3 7 130 125 
6 4 18 22 0 8 23 24 9 4 151 148 3 8 56 55 
6 5 80 79 1 0 30 29 10 1 14 16 3 9 85 85 
6 6 66 66 1 1 12 11 10 2 23 26 4 0 322 329 
6 7 110 107 1 2 167 171 10 3 56 56 4 1 46 35 
6 8 20 22 1 4 12 9 10 5 67 64 4 2 85 86 
7 0 16 17 1 6 65 65 10 6 22 22 4 3 31 20 
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4 4 219 220 14 1 37 40 6 6 
4 5 69 67 14 2 86 84 6 8 
4 7 25 29 14 3 24 29 7 0 
4 8 77 78 14 4 23 25 7 1 
4 9 45 47 15 0 36 41 7 2 
5 0 59 60 IS 2 22 27 7 3 
5 1 79 79 7 4 
5 2 69 68 H . 4 7 6 
5 3 18 13 K L Fo Fc 7 7 
5 4 27 30 0 0 15 4 8 2 
5 5 95 95 0 a 43 46 8 3 
5 7 19 15 0 4 16 18 8 5 
5 9 62 63 0 6 39 38 8 6 
6 0 28 29 0 8 72 71 8 7 
6 1 57 56 1 0 38 38 9 0 
6 3 107 100 1 1 92 92 9 1 
6 4 28 27 1 2 14 15 9 2 
6 7 80 78 1 3 24 27 9 3 
6 8 17 21 1 4 28 29 9 4 
7 0 25 26 1 5 141 139 9 6 
7 1 36 36 1 7 42 44 9 7 
7 2 116 113 1 8 22 26 10 0 
7 3 28 28 1 9 88 91 10 2 
7 5 70 68 2 0 97 93 10 5 
7 6 47 47 2 1 20 22 10 6 
7 7 37 40 2 2 131 135 11 1 
7 8 18 21 2 3 14 16 11 2 
8 0 218 220 2 4 46 49 11 3 
8 1 36 37 2 5 34 38 11 4 
8 2 58 58 2 6 45 46 11 5 
8 3 57 56 2 7 20 21 12 0 
8 4 156 152 2 9 32 25 12 2 
8 7 46 46 3 0 85 83 13 1 
8 8 45 46 3 1 104 105 13 2 
9 1 52 53 3 2 ' 62 . 61 13 3 
9 2 78 79 3 3 72 73 14 0 
9 3 43 45 3 5 79 79 14 2 
9 5 112 109 3 6 16 18 15 0 
9 6 53 51 3 7 33 33 15 1 
9 7 71 69 3 8 30 8 
10 0 78 80 3 9 43 44 H ' 
10 1 17 18 4 0 267 263 K L 
10 2 149 151 4 2 49 48 0 1 
10 3 55 57 4 3 27 27 0 5 
10 4 44 46 4 4 180 175 0 7 
10 6 83 77 4 5 17 15 0 9 
10 7 60 56 4 7 23 25 1 0 
11 0 18 18 4 8 60 61 1 1 
11 2 54 56 5 0 15 11 1 2 
11 3 39 41 5 1 41 42 1 3 
11 6 23 20 5 2 28 29 1 4 
12 1 22 26 5 3 65 65 1 6 
12 2 25 27 5 5 95 93 1 7 
12 5 42 46 5 6 22 24 2 1 
13 0 73 73 5 7 80 80 2 2 
13 1 21 27 5 8 20 11 2 3 
13 2 21 25 6 0 68 67 2 4 
13 4 50 52 6 2 19 18 2 5 
13 5 49 50 6 4 29 14 2 6 
14 0 47 52 6 5 26 6 2 7 
41 2 8 40 41 12 1 46 47 
49 2 9 44 49 12 2 25 29 
34 3 0 52 53 12 5 87 84 
65 3 1 11 3 13 0 118 116 
12 3 2 28 29 13 2 42 45 
138 3 3 58 59 13 4 87 83 
20 3 4 42 43 14 1 24 28 
19 3 5 47 45 14 2 28 33 
125 3 6 26 29 
84 3 7 60 60 H . 6 
30 3 8 21 25 K L Fo Fc 
23 4 0 228 228 0 0 117 116 
45 4 1 49 50 0 2 58 60 
33 4 2 25 24 0 4 73 74 
42 4 3 33 32 1 0 11 11 
36 4 4 162 162 1 1 13 15 
56 4 5 97 95 1 2 194 197 
64 4 7 50 48 1 3 45 45 
25 4 8 73 74 1 4 12 14 
26 5 0 173 169 1 5 59 59 
55 5 1 66 64 1 6 101 101 
44 5 2 105 101 1 7 48 49 
206 5 3 25 24 1 8 42 42 
17 5 4 107 104 2 0 65 65 
115 5 5 74 72 2 1 46 47 
18 6 0 30 30 2 2 193 195 
18 6 1 52 52 2 3 134 135 
84 6 3 147 146 2 4 40 41 
15 6 4 44 26 2 5 30 30 
37 6 5 35 36 2 6 109 109 
25 6 7 122 133 2 7 118 118 
55 6 8 23 18 3 0 81 80 
73 7 0 97 96 3 2 98 98 
24 7 1 31 31 3 4 26 28 
22 7 2 170 170 3 8 41 40 
66 7 4 52 52 4 0 156 155 
36 7 5 39 42 4 1 61 61 
39 7 6 71 72 4 2 58 57 
15 8 0 129 129 4 3 24 26 
8 1 12 14 4 4 108 109 
8 3 55 55 4 5 102 101 
Fc 8 4 97 94 4 6 20 22 
160 8 5 24 24 4 7 48 47 
189 8 6 24 29 4 8 49 45 
43 8 7 54 56 5 0 174 171 
120 9 1 38 40 5 1 19 3 
212 9 2 44 44 5 2 26 28 
54 9 5 64 61 5 4 125 126 
141 9 6 23 24 5 5 33 33 
86 9 7 22 20 5 6 42 42 
121 10 0 46 48 5 7 64 55 
38 10 2 109 112 5 8 56 57 
67 10 3 71 71 6 0 54 53 
29 10 4 25 29 6 1 39 39 
220 10 5 25 28 6 2 78 76 
53 10 6 66 66 6 3 55 54 
20 11 0 33 36 6 4 21 25 
67 11 2 116 110 6 6 31 32 
117 11 3 28 30 6 7 42 44 
66 11 6 47 46 7 0 152 152 
39 
50 
31 
65 
13 
143 
19 
18 
126 
84 
29 
25 
46 
32 
41 
34 
56 
64 
24 
25 
56 
40 
202 
15 
119 
17 
17 
88 
15 
37 
22 
52 
75 
23 
22 
65 
29 
32 
16 
5 
Fo 
158 
191 
41 
119 
210 
54 
136 
84 
119 
35 
66 
29 
218 
53 
19 
67 
119 
66 
253 
7 1 24 26 3 2 31 30 a . 
7 2 59 59 3 3 95 95 K L 
7 3 27 27 3 5 70 69 0 0 
7 4 109 106 3 6 14 15 0 2 
7 5 54 53 3 7 98 96 0 4 
7 6 14 7 4 0 67 65 0 8 
7 7 44 44 4 1 78 77 1 0 
8 0 161 161 4 2 77 77 1 1 
8 1 74 75 4 3 62 60 1 2 
8 2 49 40 4 4 25 24 1 3 
8 4 128 128 4 •5 62 61 1 4 
8 5 116 113 4 7 36 36 1 5 
8 6 37 19 4 8 33 33 1 6 
8 7 29 32 5 0 75 73 1 7 
9 0 108 106 5 1 60 61 1 8 
9 2 29 31 5 2 39 31 2 0 
9 4 65 63 5 3 17 18 2 2 
9 6 21 20 5 4 47 47 2 3 
10 0 42 45 5 5 73 73 2 5 
10 1 24 26 6 1 23 22 2 6 
10 2 60 61 6 2 85 87 2 7 
10 3 26 28 6 3 59 61 2 8 
10 4 30 29 6 5 19 10 3 0 
10 5 65 60 6 6 53 53 3 1 
10 6 28 29 6 7 60 60 3 2 
11 1 17 19 7 0 17 19 3 3 
11 2 84 76 7 1 27 28 3 4 
11 4 17 16 7 2 84 83 3 5 
11 5 38 37 7 3 37 37 3 7 
12 0 40 39 7 4 26 26 4 0 
12 1 53 54 7 5 71 67 4 1 
12 2 19 22 7 6 51 51 4 3 
12 3 27 27 7 7 49 50 4 4 
12 4 23 25 8 0 115 113 4 5 
13 0 87 85 8 1 12 10 4 6 
13 2 69 67 8 2 56 55 4 7 
13 3 28 30 8 3 20 2 5 0 
14 0 23 23 8 4 71 67 5 2 
14 2 85 83 8 7 16 7 5 3 
9 0 25 28 5 4 
H . 7 9 1 67 68 5 5 
K L Fo Fc 9 2 24 23 5 6 
0 1 61 61 9 4 15 21 5 7 
0 5 83 85 9 5 106 106 6 0 
1 0 84 85 10 0 79 79 6 2 
1 1 20 21 10 1 52 52 6 4 
1 2 26 26 10 2 19 18 6 6 
1 3 78 80 10 3 57 53 7 0 
1 4 60 60 10 4 53 49 7 1 
1 5 26 27 10 5 41 38 7 2 
1 7 72 74 10 6 15 17 7 3 
1 8 22 23 11 1 27 31 7 4 
2 0 84 83 11 2 67 63 7 5 
2 1 48 47 11 3 42 44 7 6 
2 2 96 96 12 0 108 105 7 7 
2 3 53 52 12 4 89 84 8 0 
2 4 30 33 13 0 54 53 8 1 
2 5 24 23 13 1 16 19 8 2 
2 7 35 36 13 2 28 31 8 3 
2 8 31 33 13 3 28 29 8 4 
8 5 54 52 6 1 15 16 
Fc 8 6 15 19 6 2 42 44 
356 9 0 58 58 6 3 71 69 
56 9 1 30 32 6 4 22 22 
261 9 2 27 31 6 5 73 73 
109 9 3 31 34 6 6 33 32 
131 9 4 35 34 7 0 15 17 
74 9 5 25 26 7 2 89 89 
61 10 2 45 46 7 6 37 36 
20 10 3 40 40 8 0 28 26 
94 10 4 28 27 8 2 19 20 
112 10 5 33 30 8 3 18 15 
22 11 0 53 52 8 4 26 20 
51 11 2 55 52 8 6 20 21 
38 11 3 67 62 9 1 40 41 
30 11 4 40 40 9 2 51 51 
64 12 0 149 140 9 3 31 32 
55 12 2 56 56 9 5 40 38 
50 13 0 53 54 10 1 24 23 
26 13 1 26 32 10 2 55 53 
63 10 3 72 67 
20 H > 9 10 4 31 6 
70 K L Fo Fc 11 0 107 101 
78 0 1 43 45 11 1 32 35 
70 0 3 56 56 11 2 83 78 
71 0 5 106 106 11 3 28 30 
36 0 7 73 73 12 0 50 49 
64 1 0 142 140 12 2 23 27 
52 1 1 27 28 
80 1 2 33 35 H - 10 
28 1 3 22 23 K L Fo Fc 
34 1 4 91 90 0 0 71 70 
51 1 5 23 25 0 2 77 77 
65 1 6 23 23 0 4 31 34 
35 2 0 41 40 0 6 20 23 
49 2 1 18 19 1 2 37 39 
74 2 3 49 49 1 3 42 42 
95 2 4 37 37 1 4 15 15 
70 2 7 40 42 1 5 37 39 
52 3 0 83 81 1 7 50 51 
71 3 1 19 18 2 0 29 30 
54 3 2 55 55 2 1 50 49 
77 3 3 20 25 2 2 48 48 
70 3 4 62 63 2 3 112 112 
257 3 6 43 41 2 4 14 16 
29 4 0 40 42 2 6 42 47 
143 4 1 59 59 2 7 97 104 
46 4 2 30 30 3 0 124 122 
31 4 4 37 39 3 2 162 162 
92 4 5 77 78 3 4 74 77 
88 4 6 21 24 3 6 77 77 
27 5 0 83 80 4 0 24 11 
23 5 1 43 44 4 1 61 60 
49 5 2 123 124 4 2 42 41 
83 5 3 46 44 4 4 20 20 
32 5 4 34 35 4 5 91 92 
23 5 5 31 30 5 0 63 61 
46 5 6 50 48 5 1 25 27 
23 5 7 33 35 5 2 19 18 
20 6 0 26 27 5 3 21 26 
8 
Fo 
353 
53 
261 
109 
133 
74 
60 
16 
93 
113 
20 
47 
36 
29 
63 
54 
49 
26 
63 
20 
70 
78 
67 
73 
32 
62 
54 
81 
26 
32 
54 
65 
36 
47 
75 
95 
71 
49 
72 
53 
77 
73 
254 
31 
131 
47 
30 
91 
87 
32 
21 
47 
73 
32 
22 
46 
21 
21 
254 
5 4 40 42 8 0 
5 5 61 62 8 1 
5 6 25 28 8 2 
6 0 79 75 8 3 
6 1 32 34 8 4 
6 2 54 55 9 0 
6 3 29 30 9 1 
6 4 45 46 9 2 
6 5 27 29 9 3 
7 2 15 12 10 0' 
7 3 28 27 10 1 
7 5 30 30 10 2 
8 0 55 54 
8 1 71 70 H . 
8 4 47 50 K L 
8 5 96 96 0 0 
9 0 171 158 1 0 
9 2 39 42 1 1 
9 3 20 8 1 2 
9 4 125 118 1 4 
10 0 48 44 1 5 
10 2 19 19 2 1 
10 3 35 38 2 2 
11 2 38 38 2 3 
2 5 
H = 11 3 0 
K L Fo Fc 3 1 
0 1 41 40 3 2 
0 3 56 55 3 3 
0 5 18 15 3 4 
1 1 33 32 3 5 
1 2 58 58 4 0 
1 3 71 70 4 3 
1 6 37 38 4 4 
2 0 73 73 . 4 5 
2 2 157 168 5 1 
2 4 32 35 5 2 
2 6 74 83 5 5 
3 0 81 79 6 2 
3 1 21 21 7 0 
3 2 59 58 7 1 
3 3 69 69 7 3 
3 4 63 69 7 4 
3 5 75 83 8 2 
3 6 47 46 8 3 
4 0 163 157 9 0 
4 2 60 62 
4 4 111 111 H . 
5 0 39 40 K L 
5 1 50 50 0 1 
5 4 29 31 1 0 
5 5 57 62 1 1 
6 0 19 20 1 2 
6 1 31 32 1 3 
6 4 21 20 1 4 
6 5 37 37 2 0 
7 0 49 45 2 2 
7 1 30 31 2 3 
7 4 39 37 2 4 
7 5 53 55 4 0 
143 4 1 29 31 
25 4 2 18 19 
53 4 4 38 38 
20 5 0 114 106 
101 5 1 33 33 
17 5 2 52 55 
26 5 3 30 30 
53 6 0 21 22 
42 6 1 24 21 
57 6 3 88 82 
14 7 0 65 64 
80 7 1 19 21 
7 2 103 97 
Fc H . 14 
35 K L Fo Fc 
25 0 0 92 86 
36 0 2 73 81 
20 1 1 17 19 
31 1 2 78 85 
58 1 3 27 28 
22 2 0 34 34 
42 2 1 26 27 
26 2 2 59 64 
52 2 3 42 45 
95 3 0 19 17 
33 4 0 68 64 
74 4 1 21 23 
26 4 2 32 33 
62 5 0 72 73 
28 
88 H - 15 
31 K L Fo Fc 
65 0 1 22 19 
29 
21 
31 
41 
22 
46 
38 
67 
29 
21 
44 
61 
Fc 
67 
105 
40 
89 
35 
67 
46 
39 
32 
35 
41 
155 
24 
55 
25 
107 
27 
25 
54 
44 
60 
14 
85 
12 
Fo 
35 
22 
36 
19 
30 
56 
19 
40 
23 
46 
98 
33 
73 
24 
60 
28 
92 
32 
65 
28 
17 
30 
33 
19 
49 
37 
71 
31 
17 
41 
66 
13 
Fo 
68 
106 
39 
80 
33 
66 
47 
34 
30 
35 
42 
255 
A P P E N D I X  C .  O B S E R V E D  A N D  C A L C U L A T E D  S T R U C T U R E  F A C T O R  A M P L I T U D E S  
F O R  Z r g C l j ^ C  
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APPENDIX E. OBSERVED AND CALCULATED STRUCTURE FACTOR AMPLITUDES 
FOR ZrgCligN 
897 
174 
347 
361 
103 
593 
190 
128 
291 
540 
320 
228 
194 
145 
228 
203 
76 
243 
320 
261 
137 
162 
250 
359 
233 
334 
129 
138 
238 
194 
167 
279 
93 
152 
189 
389 
120 
150 
150 
108 
153 
131 
159 
115 
136 
107 
133 
161 
158 
167 
119 
Pc 
47 
151 
320 
76 
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6 3 186 184 21 4 105 89 19 19 133 142 23 6 135 140 
7 2 86 46 21 8 156 155 20 2 122 86 23 10 112 39 
7 4 170 173 21 14 235 235 20 6 103 84 24 13 124 123 
7 6 349 342 21 16 128 118 20 8 103 77 25 4 166 143 
8 3 92 79 22 1 196 192 20 16 153 149 25 8 152 111 
8 5 150 150 22 3 239 239 21 3 112 89 26 3 187 188 
8 7 195 198 22 5 300 312 21 5 114 80 
9 2 265 265 22 7 107 77 21 15 145 123 L » 4 
9 4 276 278 23 6 136 131 21 17 139 132 H K Fo Fc 
9 6 155 158 23 8 121 119 22 14 120 103 4 4 459 420 
9 8 358 353 23 10 123 85 23 9 110 77 6 6 416 406 
10 1 170 146 24 5 124 79 23 11 118 84 7 5 458 466 
10 3 180 187 25 2 171 179 23 13 113 67 9 5 235 239 
10 5 96 96 25 6 119 83 24 8 142 132 9 7 263 264 
10 7 400 394 27 4 148 121 24 12 210 214 10 8 97 63 
10 9 141 156 25 11 163 170 11 5 146 151 
11 2 81 72 L • 2 26 6 156 138 11 9 261 264 
11 4 320 323 H K Fo Fc 27 3 179 181 12 4 320 308 
11 6 194 193 3 3 163 160 12 6 113 111 
11 10 206 211 4 2 187 180 L " 3 12 8 182 199 
12 3 373 378 5 3 216 218 H K Fo Fc 13 5 161 175 
12 5 250 256 5 5 583 556 6 3 471 442 13 9 239 237 
12 7 89 80 7 3 92 96 6 5 471 461 13 11 298 294 
12 9 273 282 7 5 268 261 7 4 645 639 14 6 201 193 
12 11 168 158 7 7 593 575 8 5 339 330 14 14 162 166 
13 4 341 349 8 2 346 358 9 4 232 233 15 5 194 192 
13 6 109 118 8 6 247 258 9 8 96 86 15 11 107 105 
13 8 182 203 9 3 243 260 10 3 376 362 15 13 236 241 
13 10 200 200 9 5 102 98 10 7 166 165 16 4 215 213 
14 1 148 154 19 9 432 431 10 9 262 260 16 12 108 99 
14 3 187 186 10 6 291 290 11 4 116 90 17 5 106 106 
14 7 132 141 10 8 273 266 11 6 248 241 17 11 274 277 
15 2 255 255 11 3 482 472 11 8 174 179 17 15 127 97 
15 4 286 278 11 5 157 142 12 5 97 97 18 6 98 97 
15 6 306 305 11 7 158 152 12 9 127 136 18 8 195 193 
15 12 106 95 11 11 172 168 13 4 247 254 18 16 122 105 
15 14 137 128 12 2 275 273 13 6 207 222 19 7 115 82 
16 3 96 74 12 4 100 99 13 8 108 117 19 13 120 128 
16 5 125 126 12 8 109 121 13 12 102 83 19 15 164 174 
16 7 121 120 12 10 198 203 14 5 123 136 19 17 125 82 
16 9 191 200 13 5 345 348 14 7 113 97 20 6 132 145 
16 11 193 204 14 4 289 279 14 11 178 188 20 14 129 135 
16 13 125 123 14 6 116 109 15 4 323 329 20 16 107 56 
17 2 103 64 14 8 123 130 15 10 143 161 21 15 111 104 
17 4 193 196 14 10 186 200 15 12 251 258 21 17 273 275 
17 6 115 115 15 3 201 200 16 9 126 140 22 6 114 97 
17 8 245 250 15 5 280 279 17 6 128 124 22 8 149 156 
17 12 216 220 15 13 145 111 17 10 360 355 23 7 108 92 
17 14 156 150 16 4 166 168 18 7 132 134 23 13 126 86 
18 9 215 225 16 10 167 190 18 17 228 228 24 12 149 116 
18 11 152 165 16 12 292 286 19 6 126 119 25 9 121 107 
19 6 198 201 16 14 116 100 19 8 132 121 
19 8 150 154 17 3 229 232 19 10 106 91 L - 5 
19 10 208 210 17 5 141 153 19 16 169 161 H K Fo Fc 
19 18 116 54 18 6 336 328 20 9 167 162 6 5 370 387 
20 3 332 343 18 8 177 182 21 12 130 101 7 6 195 190 
20 5 343 332 18 10 157 151 21 14 131 134 8 7 131 128 
20 7 125 106 18 14 220 226 22 3 233 234 9 6 95 84 
20 11 125 118 19 7 140 130 22 5 105 77 10 5 112 105 
20 17 120 121 19 17 129 126 22 7 144 157 10 7 130 129 
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10 9 100 87 
11 8 221 224 
12 9 110 120 
13 6 133 141 
13 10 253 255 
13 12 164 154 
14 7 98 48 
14 9 289 296 
14 13 110 79 
15 6 123 113 
15 8 143 142 
15 10 225 233 
16 11 234 240 
16 15 124 59 
17 6 107 94 
17 10 263 273 
17 12 140 128 
17 14 111 65 
17 16 111 81 
18 5 98 96 
18 11 116 79 
18 15 138 139 
19 8 283 295 
19 12 186 171 
19 14 121 111 
20 7 218 217 
21 6 103 73 
21 8 143 142 
22 5 236 243 
22 9 186 179 
22 13 143 124 
23 8 128 134 
23 10 188 179 
24 7 170 173 
24 9 125 117 
24 11 144 116 
25 8 145 154 
L . 6 
H K Fo Fc 
7 7 134 148 
9 9 190 181 
11 7 93 68 
11 9 120 108 
11 11 413 417 
12 6 167 168 
12 8 109 115 
13 9 187 188 
13 11 189 194 
13 13 173 174 
14 8 164 170 
14 10 182 181 
14 12 253 258 
15 7 183 187 
15 9 247 248 
15 15 165 183 
16 6 248 242 
16 10 101 78 
16 12 250 243 
16 14 226 222 
17 11 121 108 
17 13 173 168 
17 17 122 136 
18 10 253 253 
18 12 114 76 
18 14 138 128 
19 7 268 276 
19 11 140 135 
20 6 134 94 
20 8 169 171 
20 12 110 93 
23 9 113 101 
24 8 144 145 
L " 7 
H K Fo Fc 
9 8 348 348 
10 7 174 174 
10 9 95 70 
11 10 340 356 
13 8 225 237 
13 10 127 100 
13 12 165 181 
14 7 124 127 
14 9 102 107 
14 13 185 189 
15 8 116 117 
15 10 115 109 
15 14 211 212 
16 9 175 171 
16 11 104 54 
17 8 185 179 
17 12 137 140 
17 16 139 124 
18 11 144 146 
19 10 226 234 
19 18 132 134 
20 13 139 117 
21 8 123 108 
21 10 213 212 
21 14 134 91 
22 7 185 179 
23 8 249 259 
L = 8 
H K Fo Fc 
8 8 222 222 
11 9 145 144 
12 8 258 270 
12 10 105 92 
12 12 324 332 
13 9 208 207 
13 11 351 357 
14 12 109 102 
14 14 238 236 
15 13 123 105 
16 8 115 100 
16 10 169 167 
16 12 168 169 
18 10 110 70 
18 12 178 178 
18 16 132 142 
19 15 124 130 
20 8 116 90 
20 14 180 170 
21 9 137 79 
21 11 121 105 
21 13 143 136 
24 10 116 107 
L m 9 
H K Fo Pc 
10 9 433 434 
12 11 126 133 
13 12 222 234 
14 11 119 105 
15 14 141 126 
16 11 128 99 
17 10 148 150 
17 14 170 168 
18 9 157 160 
19 10 105 88 
19 12 139 139 
19 16 162 158 
20 15 164 172 
21 14 112 71 
22 9 141 132 
22 13 120 103 
23 10 130 92 
L = 10 
H K Fo Fc 
11 11 108 85 
12 10 140 128 
13 13 176 183 
14 12 122 123 
17 11 117 100 
18 14 121 122 
19 11 145 146 
21 13 199 206 
L « 11 
H K Fo Fc 
14 13 123 89 
17 14 149 157 
17 16 122 108 
18 11 124 98 
19 12 125 131 
19 14 183 177 
20 13 116 67 
20 15 175 176 
21 12 159 164 
L = 12 
H K Fo Fc 
12 12 148 119 
14 14 137 135 
15 13 105 75 
16 12 192 195 
16 16 149 147 
17 15 143 136 
18 14 133 127 
18 16 128 105 
21 13 124 100 
L . 13 
H K Fo Fc 
16 15 107 91 
17 14 114 103 
18 13 239 238 
L . 14 
H K Fo Fc 
15 15 220 216 
16 14 208 197 
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APPENDIX H. OBSERVED AND CALCULATED STRUCTURE FACTOR AMPLITUDES 
FOR CsKZrgCligB 
21 
346 
42 
143 
1077 
25 
306 
512 
20 
190 
75 
319 
90 
254 
124 
324 
118 
165 
45 
213 
46 
61 
195 
84 
49 
26  
110 
139 
25 
53 
407 
586 
447 
71 
92 
66  
53 
1 6 6  
281 
272 
96 
36 
41 
90 
267 
120 
140 
780 
94 
202 
148 
58 
182 
8 2  
419 
30 
164 
31 
52 
53 
94 
52 
76 
53 
39 
95 
44 
47 
55 
43 
45 
22 
58 
31 
28 
56 
113 
104 
44 
123 
47 
46 
114 
49 
32 
8 8  
55 
106 
50 
96 
55 
40 
58 
39 
101 
35 
24 
6 2  
78 
33 
50 
128 
49 
72 
67 
6 2  
34 
8 0  
68 
40 
36 
38 
16 
54 
45 
33 
6 17 89 87 18 1 74 71 2 2 
8 0 298 313 18 3 178 175 2 4 
8 1 64 62 18 5 197 196 2 6 
8 2 197 204 18 9 96 95 2 7 
8 4 321 316 18 10 33 22 2 8 
8 6 180 181 18 11 94 95 9 
8 7 30 39 20 0 150 149 2 10 
8 8 223 222 20 1 136 130 2 11 
8 9 45 48 20 4 110 103 14 
8 10 126 124 20 5 35 34 2 16 
8 12 177 180 20 6 54 50 2 18 
8 14 101 100 20 7 73 72 3 0 
8 16 118 113 20 8 123 120 3 1 
10 0 526 544 20 9 136 135 3 2 
10 1 237 239 22 0 340 337 3 3 
10 2 70 70 22 2 102 101 3 4 
10 3 80 78 22 3 60 59 3 5 
10 4 53 52 22 5 70 68 3 6 
10 5 90 90 22 6 53 50 3 7 
10 7 194 192 24 0 71 68 3 8 
10 8 389 387 24 1 58 56 3 13 
10 9 157 157 3 14 
10 10 99 97 L • 1 3 15 
10 13 51 49 H K ro FC 4 0 
10 14 38 43 0 0 173 166 4 1 
10 15 105 107 0 1 289 269 4 2 
10 16 181 182 0 2 75 66 4 3 
12 0 403 419 0 3 244 235 4 4 
12 1 260 259 0 5 309 295 4 5 
12 3 31 30 0 6 60 59 4 6 
12 5 97 96 0 7 137 132 4 7 
12 7 169 166 0 8 102 101 4 8 
12 8 310 311 0 9 189 186 4 9 
12 9 215 216 0 10 34 33 4 10 
12 11 48 48 0 11 44 44 4 11 
12 13 79 80 0 13 174 175 4 12 
12 15 65 59 0 14 37 36 4 13 
14 0 261 262 0 15 44 39 4 14 
14 1 178 178 0 16 55 54 4 15 
14 2 153 158 0 17 104 102 4 17 
14 3 94 93 1 0 228 221 5 0 
14 4 31 31 1 1 122 120 5 1 
14 5 114 113 1 2 22 19 5 2 
14 6 95 99 1 3 74 72 5 3 
14 7 104 105 1 4 158 154 5 4 
14 8 196 197 1 5 100 95 5 5 
14 9 155 155 1 6 67 63 5 6 
14 10 148 146 1 7 64 63 5 7 
14 11 35 37 1 8 140 139 5 8 
14 13 75 78 1 9 84 81 5 9 
14 14 42 33 1 10 72 71 5 10 
16 0 97 96 1 12 70 70 5 12 
16 2 69 70 1 13 54 56 5 13 
16 4 658 666 1 14 72 72 5 14 
16 5 36 33 1 16 63 62 5 15 
16 6 134 131 1 17 43 42 5 16 
16 8 65 63 1 18 59 57 5 17 
16 12 424 421 2 0 263 263 6 0 
18 0 36 30 2 1 36 38 6 1 
119 6 3 180 181 9 16 65 64 
33 6 4 150 149 10 0 200 206 
31 6 5 207 207 10 1 57 58 
18 6 6 45 45 10 2 96 100 
173 6 7 78 77 10 3 148 150 
28 6 8 133 136 10 4 197 203 
116 6 9 135 136 10 5 160 160 
19 6 10 49 10 10 6 68 63 
24 6 11 70 67 10 8 147 150 
72 6 12 71 73 10 9 62 59 
69 6 13 131 130 10 10 81 80 
148 6 14 35 32 10 11 70 71 
70 6 16 74 73 10 12 126 130 
78 6 17 74 74 10 13 95 100 
48 7 0 495 514 10 16 73 72 
76 7 1 147 147 11 0 202 208 
83 7 2 39 40 11 1 99 101 
126 7 3 69 70 11 2 69 69 
73 7 4 277 280 11 3 147 148 
75 7 5 77 75 11 4 80 80 
61 7 6 56 60 11 5 216 220 
91 7 7 108 109 11 6 69 65 
46 7 8 343 341 11 8 158 159 
102 7 9 87 89 11 9 119 118 
253 7 10 95 97 11 10 42 42 
132 7 11 30 16 11 11 32 25 
178 7 12 144 144 11 12 51 53 
150 7 13 43 39 11 13 164 167 
178 7 14 81 79 11 14 43 41 
172 7 15 55 56 11 15 42 35 
172 7 16 147 147 11 16 91 88 
51 7 17 43 41 12 0 110 109 
160 8 0 243 248 12 1 57 59 
30 8 1 31 30 12 2 100 100 
90 8 2 41 42 12 3 145 149 
81 4 174 175 12 4 54 55 
102 5 31 15 12 5 162 163 
124 8 6 30 24 12 6 38 35 
75 8 a 171 170 12 7 43 42 
77 8 9 32 28 12 8 76 79 
105 8 10 42 39 12 9 53 48 
255 8 12 97 96 12 10 110 111 
51 8 16 90 85 12 11 76 75 
87 9 0 204 207 12 13 113 110 
206 9 1 149 151 12 15 36 18 
160 9 2 33 32 13 0 36 36 
48 9 3 119 120 13 2 37 26 
105 9 4 292 293 13 3 38 40 
67 9 5 135 137 13 4 202 203 
224 9 6 36 40 13 5 31 28 
31 9 7 91 92 13 6 45 45 
115 9 8 145 147 13 10 71 72 
117 9 9 108 111 13 11 36 29 
27 9 10 69 72 13 12 116 117 
6 9 11 49 50 13 14 65 65 
36 9 12 147 148 13 15 34 24 
125 9 13 90 89 14 0 75 74 
214 9 14 60 60 14 1 92 94 
175 9 15 34 24 14 2 35 38 
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33 
35 
24 
173 
38 
115 
30 
33 
72 
72 
142 
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79 
47 
82 
83 
128 
76 
76 
65 
92 
46 
100 
251 
134 
179 
151 
181 
174 
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50 
158 
32 
88  
8 2  
99 
125 
76 
71 
104 
249 
49 
85 
210 
160 
45 
110 
71 
224 
40 
116 
119 
41 
34 
38 
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211 
176 
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APPENDIX I. SELECTED REFLECTIONS FROM CALCULATED AND OBSERVED 
POWDER DIFFRACTION PATTERNS OF CsZr-Cl_C 
b i 3 
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SELECTED REFLECTIONS FROM CALCULATED AND OBSERVED POWDER DIFFRACTION 
PATTERNS OF CsZr CI, ca 6 15 
Calc. Intensity 
20(calc) hk£ CSNbgCl^g -type KZrgCl^gC-type I(obs) 
2.16 0 0 1 16 18 10 
9.55 2 0 0 1 8 -
10.33 1 0 1 100 4 100 
11.15 0 1 1 52 77 60 
11.47 2 1 0 87 100 80 
12.13 1 1 1 37 24 40 
12.70 0 2 0 81 1 70 
13.25 2 0 1 82 1 85 
21.23 0 3 1 20 3 20 
21.40 2 3 0 22 1 20 
21.72 2 1 2 25 1 20 
22.22 4 1 1 42 3 35 
24.26 3 1 2 11 2 15 
26.55 5 1 1 21 7 20 
26.70 3 2 2 7 17 5 
27.07 1 3 2 31 9 20 
27.19 4 3 0 32 14 30 
29.64 6 10 14 1 20 
31.67 0 4 2 13 1 15 
32.15 4 4 0 33 15 30 
^Listed are only those lines out to 20 = 32.5° that exhibit the 
greatest intensity differences for the two structure types. 
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APPENDIX J. OBSERVED AND CALCULATED STRUCTURE FACTOR AMPLITUDES 
FOR KgZrgClisB 
Fc 
89 
263 
38 
136 
587 
40 
93 
146 
53 
72 
75 
64 
64 
157 
63 
139 
18 
256 
37 
83 
77 
93 
56 
134 
122 
154 
68 
52 
85 
91 
123 
157 
71 
183 
25 
91 
320 
58 
106 
566 
59 
87 
74 
89 
46 
56 
67 
146 
85 
37 
77 
98 
66 
88 
121 
74 
59 
77 
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14 -4 118 120 7--11 75 74 
14 -2 49 52 7--10 65 65 
14 0 73 74 7 -9 104 101 
16-•10 54 54 7 -8 82 84 
16 -8 231 235 7 -7 45 44 
16 -4 44 47 7 -6 35 33 
16 -2 40 40 7 -5 156 156 
16 0 285 295 7 -3 149 149 
18 -8 77 71 7 -2 69 68 
18 24 36 30 7 -1 114 115 
18 -2 37 39 7 0 117 121 
18 0 86 87 9--15 44 41 
20 -4 72 73 9--13 102 100 
20 -2 34 28 9--11 73 72 
9--10 32 32 
H . 1 9 -9 52 52 
K L Fo Fc 9 -5 152 153 
1-•17 81 80 9 -4 27 19 
1-•15 56 54 9 -3 140 141 
1-• 14 45 48 9 -2 29 30 
1-•13 75 78 9 -1 40 38 
1-•12 26 26 9 8 26 14 
1 -9 153 157 11--10 74 75 
1 -7 136 136 11 -9 64 63 
1 -6 67 67 11 -4 32 35 
1 -5 126 123 11 -2 63 62 
1 -4 48 56 11 -1 50 51 
1 -3 85 79 11 0 27 22 
1 -2 57 53 13--14 46 46 
1 -1 235 235 13--13 33 33 
1 0 18 19 13-•10 29 27 
3--15 43 44 13 -9 62 59 
3-• 14 84 86 13 -8 87 88 
3-•13 75 72 13 -7 79 78 
3 -9 31 31 13 -6 36 38 
3 -8 70 68 13 -5 34 34 
3 -7 77 74 13 -1 84 84 
3 -6 102 104 13 0 116 120 
3 -5 91 95 15--12 58 57 
3 -4 23 4 15 -9 69 71 
3 -3 46 52 15 -7 62 62 
3 -2 54 53 15 -6 50 50 
3 -1 95 88 15 -5 75 75 
3 0 127 126 15 -4 89 91 
5-•17 50 48 15 -3 61 58 
5-•14 34 32 15 -2 40 37 
5-•13 45 47 15 -1 84 85 
5-•12 62 61 17 -9 72 76 
5-•11 78 79 17 -7 62 58 
5-• 10 83 84 17 -4 43 42 
5 -9 68 71 17 -1 85 85 
5 -5 104 99 19 -6 43 39 
5 -4 143 143 19 -5 36 34 
5 -3 133 128 19 -1 37 34 
5 -2 65 65 
5 -1 58 63 H = 2 
5 0 30 9 K L Fo Fc 
7-17 59 59 0-•12 28 25 
7-•16 42 37 0 -8 22 16 
7-•13 98 95 0 -4 76 70 
41 37 12 -9 140 143 
58 55 12 -7 87 89 
32 32 12 -5 82 84 
161 164 12 -4 99 96 
120 116 12 -3 50 48 
99 101 12 -2 30 31 
24 25 12 -1 152 155 
45 45 12 6 35 30 
38 35 14-•13 116 115 
263 267 14-.12 41 44 
274 256 14-•11 62 62 
246 243 14 -9 38 43 
18 18 14 -6 26 22 
91 86 14 -5 147 153 
48 48 14 -4 71 69 
140 141 14 -3 128 128 
35 33 14 -1 30 30 
47 48 16-•11 36 37 
29 28 16 -7 30 17 
148 151 16 -5 62 63 
93 89 16 -3 62 59 
69 66 18 -5 66 65 
34 32 18 -4 75 77 
211 216 18 -3 52 55 
70 61 20 -3 77 77 
171 170 20 0 65 68 
46 41 20 1 34 22 
174 173 
160 147 H . 3 
120 120 K L Fo Fc 
63 62 1-•17 72 73 
54 54 1-•14 60 59 
35 37 1-• 13 30 27 
40 42 1-• 12 107 110 
34 34 1-• 11 25 25 
203 210 1-•10 25 26 
132 128 1 -9 122 124 
153 155 1 -7 57 58 
42 40 1 -6 82 83 
32 29 1 -5 26 27 
255 262 1 -4 202 197 
222 203 1 -2 71 70 
46 48 1 -1 138 142 
42 37 1 0 28 26 
42 42 3-17 36 34 
30 26 3-•14 93 89 
58 60 3-• 13 44 45 
63 60 3-• 12 215 219 
38 38 3-• 11 72 70 
40 43 3 -9 66 66 
28 27 3 -8 50 47 
136 136 3 -7 44 44 
124 121 3 -6 110 109 
99 100 3 -5 96 93 
30 26 3 -4 407 422 
156 157 3 -3 121 114 
163 163 3 -2 70 67 
70 68 3 -1 104 97 
66 67 3 0 68 70 
26 21 5-17 28 27 
0 0 
2-15 
2-14 
2-13 
2-12 
2-11 
2 -9 
2 -7 
2 -6 
2 -5 
2 -4 
2 -3 
2 -2 
4-17 
4-16 
4-13 
4-12 
4-11 
4-10 
4 -9 
4 -8 
4 -7 
4 -6 
4 -5 
4 -4 
4 -3 
4 -2 
4 -1 
4 0 
6-17 
6-16 
6-15 
6-13 
6-11 
6-10 
6 -9 
6 -8 
6 -7 
6 -5 
6 -2 
6 -1 
6 0 
8 -9 
8 -8 
8 -7 
8 -4 
8 -1 
8 0 
10-15 
10-11 
10-10 
10 -9 
10 -8 
10 -7 
10 -3 
10 -1 
10 0 
12-13 
12-12 
12-10 
27 
28 
43 
86 
68 
286 
99 
51 
81 
45 
66 
118 
427 
78 
60 
84 
24 
143 
48 
77 
41 
89 
190 
95 
31 
31 
42 
94 
128 
97 
32 
35 
121 
44 
83 
45 
215 
55 
36 
62 
27 
51 
77 
65 
281 
30 
131 
60 
30 
54 
39 
61 
210 
76 
70 
64 
108 
45 
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17 -9 79 77 10-•12 107 
17 -7 43 45 10 -8 97 
17 -5 32 37 10 -6 74 
17 -4 46 44 10 -4 183 
17 -1 75 76 10 -2 37 
17 3 30 24 10 0 134 
19 -6 50 50 12-12 30 
19 -4 130 131 12-•10 43 
19 -3 31 24 12 -8 72 
19 -1 38 37 12 -6 34 
19 2 38 37 12 -4 36 
12 -2 49 
H - 4 12 0 92 
K L Fo Fc 14-•12 37 
0-•14 26 26 14 -8 35 
0-•12 49 51 14 -6 34 
0-•10 186 187 14 -5 30 
0 -8 27 13 14 -4 63 
0 -6 39 38 14 0 35 
0 -4 138 135 16-•10 90 
0 -2 168 168 16 -4 61 
0 0 102 58 16 -2 64 
2-•16 36 40 18 -4 65 
2-•14 32 32 18 -2 50 
2-•12 91 92 18 -1 28 
2-•10 70 70 18 0 160 
2 -8 112 114 
2 -5 31 33 H - 5 
2 -4 183 181 K L Fo 
2 -3 32 36 1-•17 123 
2 -1 44 42 1-•13 36 
2 0 172 174 1-•12 64 
2 13 28 20 1-•11 26 
4-•16 46 43 1 -9 199 
4-•14 44 42 1 -7 123 
4-•12 73 75 1 -6 33 
4-•10 50 49 1 -5 30 
4 -8 85 84 1 -4 112 
4 -6 78 75 1 -2 27 
4 -4 136 134 1 -1 231 
4 -3 19 14 1 0 31 
4 -2 82 84 1 14 25 
4 0 123 121 1 15 V 
6-•16 45 47 3-14 54 
6-• 14 40 39 3-•13 91 
6-•10 43 41 3-• 12 152 
6 -9 27 29 3-•11 95 
6 -8 106 107 3 -9 46 
6 -7 28 30 3 -8 46 
6 -4 39 40 3 -6 54 
6 -1 38 37 3 -5 155 
6 0 157 151 3 -4 283 
6 6 27 26 3 -3 163 
8-• 14 139 140 3 -2 23 
8 -8 73 72 3 -1 57 
8 -6 153 152 3 0 62 
8 -4 23 5 3 7 29 
8 -2 82 80 5-•16 96 
8 0 114 112 5-•15 74 
10-•14 69 71 5-•14 28 
5--12 32 29 19 1 31 36 
5--10 47 47 
5 -9 122 117 H . 6 
5 -8 200 195 K L Fo Fc 
5 
-7 136 135 0-•16 60 61 
5 -4 55 53 0-•10 68 67 
5 -2 29 27 0 —8 108 110 
5 -1 167 168 0 -6 38 40 
5 0 280 276 0 -4 38 35 
5 5 22 15 0 -2 69 69 
5 6 24 14 0 0 146 148 
1--15 27 24 2-•15 47 46 
7--13 111 115 2-•13 96 100 
7--11 29 23 2-•12 126 125 
7--10 43 40 2-•11 66 66 
7 -9 36 36 2 -9 26 31 
7 -8 79 78 2 -8 43 43 
7 -5 143 146 2 -7 25 29 
7 -3 101 102 2 -5 154 154 
7 -2 38 37 2 -4 222 217 
7 -1 25 22 2 -3 137 139 
7 0 104 101 2 0 51 52 
9--13 155 155 2 6 29 20 
9--11 74 74 4-• 16 65 67 
9 -9 38 40 4-• 13 109 109 
9 -8 63 63 4--12 68 70 
9 -5 207 207 4--11 28 28 
9 -3 166 170 4 -9 110 113 
9 0 80 79 4 -8 115 114 
9 1 28 27 4 -7 40 42 
9 15 31 24 4 -6 27 25 
1--13 37 37 4 -5 151 151 
1-•12 32 23 4 -4 109 107 
1--10 47 46 4 -3 106 109 
1 -9 87 87 4 -2 26 27 
1 -8 155 155 4 -1 114 113 
1 -7 82 83 4 0 154 149 
1 -5 52 52 6-15 30 34 
1 -4 39 40 6-13 40 39 
1 -3 39 41 6-11 34 32 
1 -2 37 36 6 -9 129 128 
1 -1 109 109 6 -8 139 139 
1 0 205 200 6 -7 92 95 
3-•12 88 88 6 -5 45 44 
3-•11 82 80 6 -4 33 31 
3 -8 33 28 6 -1 146 150 
3 -5 96 95 6 0 193 188 
3 -4 141 142 8-14 52 51 
3 -3 105 106 8-12 76 75 
3 0 30 37 8-10 28 22 
3 10 29 27 8 -9 46 46 
5 -9 55 57 8 -8 26 25 
5 -5 34 27 8 -7 39 38 
5 -4 55 58 8 -6 65 63 
5 -1 44 42 8 -4 114 114 
7 -7 86 85 8 -2 48 49 
7 -5 29 30 8 -1 54 54 
7 r4 39 39 8 0 36 36 
7 -1 132 129 10-12 35 37 
9 -3 47 45 10-11 32 34 
109 
99 
76 
190 
39 
132 
25 
43 
71 
34 
36 
49 
90 
39 
34 
31 
22 
64 
31 
91 
62 
65 
65 
48 
15 
153 
Fc 
125 
34 
65 
28 
205 
122 
33 
34 
109 
24 
236 
31 
26 
25 
51 
91 
154 
97 
43 
45 
55 
153 
280 
162 
20 
56 
63 
21 
93 
78 
28 
287 
10 -9 87 85 3 0 89 87 H < 
10 -8 123 126 3 9 25 23 K L 
10 -7 68 68 5-•13 28 26 0-12 
10 -6 30 25 5-•12 55 55 0-10 
10 -4 54 53 5-.11 32 39 0 -8 
10 -1 101 101 5-•10 89 89 0 -4 
10 0 162 160 5 -9 38 37 0 -2 
10 2 35 27 5 -8 53 54 0 0 
12-•12 72 75 5 -5 47 46 2-14 
12 -9 107 108 5 -4 108 108 2-13 
12 -8 36 39 5 -3 55 55 2-12 
12 -7 57 58 5 -2 62 62 2-11 
12 -5 64 62 5 0 70 73 2-10 
12 -4 100 104 7-•13 63 65 2 -8 
12 -1 110 109 7-•11 41 43 2 -7 
12 0 44 45 7-•10 76 75 2 -6 
12 3 34 32 7 -9 79 75 2 -5 
14-•11 41 38 7 -8 98 99 2 -4 
14 -9 44 45 7 -7 42 45 2 -3 
14 -5 96 96 7 -6 46 47 2 -1 
14 -4 87 87 7 -5 92 94 2 0 
14 -3 80 80 7 -3 85 82 4-14 
14 -1 37 35 7 -2 76 77 4-13 
16 -8 62 63 7 -1 85 83 4-12 
16 -5 60 62 7 0 131 131 4-11 
16 -3 55 56 9-•13 62 58 4-10 
16 -2 36 36 9-•11 37 36 4 -9 
16 0 79 76 9-•10 35 34 4 -8 
16 6 27 20 9 -9 40 40 4 -7 
18 -5 41 43 9 -5 86 84 4 -6 
18 -4 76 78 9 -3 72 73 4 -5 
18 -3 45 39 9 -2 35 34 4 -4 
18 0 38 37 9 -1 34 33 4 -3 
9 6 30 20 4 -2 
H = 7 11-•10 87 85 4 -1 
K L Fo Fc 11 -9 36 37 4 0 
1-• 14 57 54 11 -8 59 57 6-12 
1-•13 57 58 11 -4 29 28 6-10 
1-• 12 39 37 11 -2 70 70 6 -9 
1-•10 27 25 11 0 74 73 6 -8 
1 -9 91 91 11 6 27 25 6 -7 
1 -8 24 17 13 -8 81 79 6 -5 
1 -7 70 68 13 -7 30 34 6 -4 
1 -6 69 70 13 -6 40 41 6 -3 
1 -5 83 81 13 -4 32 31 6 -2 
1 -4 69 71 13 -1 34 35 6 -1 
1 -3 59 58 13 0 107 103 6 0 
1 -2 55 57 15 -9 56 54 6 11 
1 -1 106 107 15 -7 43 42 8-12 
3-•15 32 22 15 -6 62 62 8 -8 
3-•14 97 97 15 -5 64 62 8 -6 
3-• 13 45 44 15 -4 111 112 8 -4 
3-•12 47 49 15 -3 54 54 8 -2 
3 -8 53 56 15 -2 49 49 8 0 
3 -7 36 38 15 -1 57 60 10-12 
3 -6 104 104 17 -4 33 34 10-10 
3 -5 44 44 17 -1 44 47 10 -9 
3 -4 80 86 10 -8 
3 -2 54 54 10 -7 
3 -1 46 41 10 -6 
10 -4 97 97 9 -8 30 26 
Fc 10 -1 78 76 9 -5 112 110 
39 10 0 52 50 9 -3 101 99 
79 12-•10 48 47 9 -1 29 28 
363 12 -9 56 53 9 0 28 28 
79 12 -8 60 58 11 -9 45 43 
66 12 -7 38 40 11 -5 35 28 
478 12 -6 37 37 11 -1 33 33 
57 12 -2 50 50 11 0 41 36 
76 12 -1 57 57 11 8 30 33 
40 12 0 75 69 11 10 31 24 
56 14 -8 50 49 13 -8 52 51 
39 14 -6 54 54 13 -7 64 66 
105 14 -5 71 70 13 -5 32 23 
28 14 -4 82 83 13 -1 71 70 
45 14 -3 63 64 13 0 65 67 
106 14 -2 33 37 15 -5 55 56 
78 14 0 62 61 15 -3 41 40 
97 16 -4 47 45 15 -1 59 57 
30 16 0 203 206 
138 16 2 30 22 H . 10 
51 K L Fo Fc 
56 H . 9 0--10 43 41 
45 K L Fo Fc 0 -8 75 75 
29 1-•13 66 62 0 -6 28 25 
53 1 -9 107 108 0 -4 29 26 
54 1 -7 92 92 0 -2 43 41 
28 1 -5 73 74 0 0 93 94 
29 1 -3 37 38 2-•13 119 116 
72 1 -1 127 129 2-•12 49 52 
72 3-•14 34 33 2-•11 58 57 
61 3-•13 48 50 2 -9 28 25 
59 3-•12 36 37 2 -8 33 28 
74 3 -7 47 44 2 -5 147 150 
53 3 -5 59 58 2 -4 77 80 
30 3 -4 43 45 2 -3 117 122 
65 3 -3 36 37 2 0 38 38 
65 3 -1 31 32 2 6 33 24 
90 3 0 43 45 4-• 11 32 34 
78 3 8 30 29 4-•10 50 51 
74 5-•13 33 34 4 -9 97 97 
23 5-•11 63 63 4 -8 31 26 
104 5-•10 33 28 4 -7 41 43 
27 5 -9 47 46 4 -6 62 60 
46 5 -8 33 37 4 -5 120 124 
103 5 -5 58 60 4 -3 95 95 
104 5 -4 63 62 4 -2 64 65 
22 5 -3 73 77 4 -1 96 94 
223 5 -1 41 43 4 0 27 30 
55 5 0 41 40 6-• 10 37 37 
60 5 12 34 31 6 -9 139 140 
351 7-•13 71 66 6 -8 44 48 
27 7-•11 54 55 6 -7 88 90 
76 7-•10 32 20 6 -5 35 32 
63 7 -9 74 74 6 -1 146 146 
38 7 -5 102 100 6 0 62 61 
69 7 -3 94 95 6 2 28 26 
34 7 -1 68 68 8 -6 30 33 
56 9-11 55 55 8 -4 67 68 
40 9 -9 43 43 10 -9 95 93 
8 
Fo 
36 
80 
358 
76 
69 
437 
57 
78 
38 
59 
37 
104 
29 
46 
105 
75 
98 
28 
137 
46 
59 
46 
33 
50 
54 
31 
29 
73 
71 
59 
57 
72 
54 
29 
67 
67 
90 
79 
76 
26 
104 
'31 
47 
103 
106 
27 
220 
56 
61 
339 
30 
77 
67 
36 
71 
34 
51 
39 
57 
56 
45 
93 
70 
40 
63 
46 
61 
48 
37 
51 
103 
49 
104 
83 
24 
Fc 
80 
48 
114 
34 
15 
27 
50 
42 
37 
68 
217 
41 
57 
57 
58 
175 
49 
71 
45 
42 
218 
57 
98 
51 
117 
30 
25 
65 
25 
76 
42 
35 
53 
168 
25 
27 
139 
29 
67 
288 
39 36 
78 79 
96 101 
H » 13 
K L Fo Fc 
1 -7 76 78 
1 -5 32 32 
1 -1 131 133 
3 -8 32 32 
3 -5 93 93 
3 -4 64 69 
3 -3 87 91 
3 0 42 40 
3 1 30 23 
5 -7 80 81 
5 -4 29 23 
5 -1 95 96 
5 0 66 63 
7 -5 98 99 
7 -3 66 69 
7 -1 32 27 
9 -3 109 110 
9 -1 30 23 
H » 14 
K L Fo Fc 
0 -2 57 55 
0 0 95 97 
2 -5 35 28 
2 -4 100 109 
2 0 51 51 
4 -4 75 67 
4 -3 34 32 
H > 12 4 -1 
K L Fo Fc 4 0 
0-•10 87 92 6 0 
0 -4 58 60 
0 -2 57 58 
2--10 42 43 
2 -8 48 48 
2 -5 43 43 
2 -4 86 86 
2 -3 46 44 
2 -2 29 25 
2 0 67 66 
4 -8 34 30 
4 -7 27 7 
4 -4 47 47 
4 -2 28 22 
4 0 38 38 
6 -9 44 43 
6 -8 56 58 
6 -7 44 40 
6 -1 52 50 
6 0 72 74 
8 -6 71 69 
8 0 60 56 
10 -4 91 92 
10 -3 32 27 
10 0 74 73 
12 
12 
-1 
0 
30 
36 
26 
37 
289 
APPENDIX K. OBSERVED AND CALCULATED STRUCTURE FACTOR AMPLITUDES 
FOR KgZrgCligBe 
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K . 0 8--16 114 112 16 -2 
H L Fo Fc 8--14 41 43 16 0 
0 2 156 150 8--12 20 25 16 2 
0 4 104 105 8--10 38 39 16 A 
0 6 24 23 8 -4 394 403 16 6 
0 8 255 253 8 -2 141 145 16 8 
0 10 67 65 8 0 59 60 16 10 
0 12 72 70 8 4 436 449 IS­-10 
0 14 55 54 8 6 146 146 IS -8 
2--16 20 15 8 8 63 64 18 -6 
2--14 42 42 8 12 59 62 18 -A 
2--12 46 AA 8 14 41 A1 18 -2 
2--10 66 67 8 16 79 81 18 0 
2 -8 256 260 10--16 17 7 18 2 
2 -6 92 91 10-•14 33 33 18 4 
2 -4 171 170 10--12 83 82 18 8 
2 -2 73 72 10-•10 24 19 20 -6 
2 0 207 205 10 -6 49 50 20 -A 
2 2 34 31 10 -4 187 189 20 -2 
2 A 102 100 10 -2 18 16 20 2 
2 6 26 23 10 0 108 107 20 A 
2 8 60 57 10 2 19 10 
2 10 61 61 10 4 81 80 K . 
2 12 32 36 10 6 73 76 H L 
2 lA 26 33 10 8 22 24 1-•18 
2 16 17 A 10 12 19 25 1--17 
2 18 85 8A 10 14 31 30 1--16 
4--18 25 A 12-• 14 19 16 1-•15 
4--16 21 25 12-•12 44 46 1--lA 
4--lA 164 16A 12-•10 108 109 1-•13 
4--12 18 13 12 -8 58 57 1-•12 
4 -8 61 60 12 -4 23 23 1-•10 
A -6 149 1A9 12 -2 51 51 1 -9 
4 -A 66 69 12 0 143 143 1 -8 
A -2 175 178 12 2 107 107 1 -7 
A 0 148 149 12 A 24 25 1 -6 
4 2 200 207 12 6 45 46 1 -5 
A A 102 102 12 8 21 11 1 -A 
4 6 81 78 12 10 14 11 1 -3 
4 8 44 44 12 12 26 23 1 -2 
4 10 149 149 12 lA 102 101 1 -1 
4 12 22 29 14-•lA 21 6 1 0 
4 lA 15 0 14-•12 36 35 1 1 
4 16 24 18 14-•10 31 32 1 2 
6-•16 85 87 14 -8 160 163 1 3 
6--lA 75 75 14 -6 61 61 1 A 
6--12 127 129 14 -4 74 74 1 6 
6-•10 39 39 14 -2 43 44 1 7 
6 -8 49 50 14 0 22 24 1 8 
6 -6 40 39 14 2 15 1 1 9 
6 -A 40 39 14 4 121 123 1 10 
6 -2 23 20 14 6 150 152 1 11 
6 0 165 163 14 8 77 83 1 12 
6 2 142 144 14 10 44 45 1 13 
6 A 200 200 14 12 83 82 1 lA 
6 8 123 124 16-12 45 45 1 16 
6 10 123 124 16-•10 33 35 1 17 
6 12 107 107 16 -8 58 58 1 18 
6 14 31 29 16 -6 56 58 3-•18 
6 16 59 55 16 -A 38 37 3-•17 
39 3--16 74 72 5 14 29 26 
228 3-.15 25 24 5 15 19 25 
153 3-.14 25 21 5 16 30 25 
A7 3--13 114 116 5 17 87 88 
A6 3-.11 AA 44 7--17 61 56 
94 3-.10 A3 44 7--16 122 122 
80 3 -9 29 27 7--15 45 45 
A9 3 -8 28 26 7--13 60 58 
91 3 -7 A5 42 7--12 27 28 
38 3 -6 86 88 1--10 67 67 
12 3 -5 103 104 7 -9 56 57 
20 3 -4 102 95 7 -8 211 210 
73 3 -2 57 58 7 -1 79 80 
71 3 -1 28 30 7 -6 47 47 
3A 3 0 117 113 7 -5 29 31 
36 3 1 AA 41 7 -4 114 115 
9 3 2 AA 44 7 -3 115 117 
72 3 3 A1 42 7 -2 31 31 
17 3 4 123 124 7 -1 114 111 
18 3 5 39 39 7 0 115 118 
52 3 6 110 110 7 1 140 141 
3 7 88 85 7 2 89 89 
3 9 91 89 7 3 106 108 
Fc 3 10 20 16 7 4 150 151 
59 3 11 51 48 7 5 240 244 
20 3 12 109 108 7 6 56 57 
81 3 13 43 A3 7 8 38 37 
67 3 14 53 53 7 9 89 90 
23 3 15 25 21 7 11 52 54 
37 3 16 16 lA 7 12 154 155 
27 3 17 77 76 7 13 81 79 
55 5-• 17 22 12 7 14 84 81 
145 5--16 23 23 7 16 17 19 
262 5--15 32 32 9-.16 41 39 
245 5--13 122 12A 9--15 31 30 
64 5-• 12 18 12 9--14 35 29 
87 5-•11 23 22 9. -13 24 22 
17 5--10 42 AA 9--12 137 140 
57 5 -9 20 23 9. •11 126 126 
24 5 -8 144 1A5 9 -9 40 39 
228 5 -7 15 9 9 -8 43 41 
24 5 -5 201 200 9 -7 16 11 
171 5 -4 97 98 9 -6 21 16 
64 5 -3 142 139 9 -5 125 128 
56 5 -2 54 55 9 -4 139 141 
136 5 -1 70 70 9 -3 253 261 
94 5 0 17 5 9 -2 70 70 
80 5 1 53 50 9 -1 21 19 
104 5 2 37 37 9 0 31 32 
51 5 3 73 70 9 1 42 41 
30 5 4 99 98 9 2 21 24 
75 5 5 36 35 9 3 55 53 
193 5 6 16 5 9 4 67 69 
95 5 7 88 85 9 5 103 106 
92 5 8 30 29 9 6 22 21 
4 5 9 148 149 9 7 34 35 
40 5 10 35 35 9 8 93 9A 
17 5 11 56 59 9 9 83 83 
56 5 12 69 71 9 10 104 101 
28 5 13 58 57 9 11 31 3A 
A3 
233 
152 
50 
46 
95 
SO 
49 
93 
41 
14 
17 
75 
70 
33 
38 
15 
7A 
19 
25 
51 
1 
Fo 
60 
26 
82 
67 
24 
35 
27 
53 
144 
256 
245 
64 
88 
16 
59 
2A 
230 
24 
175 
68 
57 
140 
98 
81 
103 
52 
28 
80 
190 
97 
91 
16 
40 
26 
58 
27 
9 12 
9 13 
9 14 
9 16 
11-16 
11-14 
11-13 
11-12 
11-11 
11-10 
11 -9 
11 -8 
11 -7 
11 -6 
11 -5 
11 -4 
11 -3 
11 -2 
11 -1 
11 0 
11 1 
11 2 
11 3 
11 4 
11 5 
11 7 
11 8 
11 10 
11 11 
11 12 
11 13 
11 14 
11 15 
13-14 
13-13 
13-12 
13-11 
13-10 
13 -9 
13 -8 
13 -7 
13 -5 
13 -4 
13 -3 
13 -2 
13 -1 
13 0 
13 1 
13 2 
13 3 
13 4 
13 5 
13 6 
13 7 
13 8 
13 9 
13 10 
13 11 
13 13 
15-13 
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20 26 15--12 118 118 K . 2 
22 28 15--11 46 46 a L Po 
56 55 15--10 38 37 0 1 44 
85 84 15 -9 30 30 0 2 17 
22 12 15 -8 58 58 0 3 79 
54 54 15 -7 20 18 0 4 52 
31 32 15 -6 18 13 0 5 104 
69 69 15 -4 112 114 0 6 29 
37 34 15 -3 18 21 0 7 48 
51 50 15 -2 79 80 0 8 31 
88 93 15 -1 24 19 0 9 109 
31 32 15 0 19 17 0 10 46 
33 35 15 1 102 102 0 11 16 
27 32 15 2 22 15 0 12 57 
25 26 15 3 38 36 0 13 142 
21 21 15 4 74 71 0 14 18 
40 39 15 5 96 97 0 16 59 
67 69 15 6 39 38 0 17 71 
23 27 15 7 23 12 0 18 20 
15 11 15 8 105 105 2-•18 37 
20 9 15 9 113 110 2--17 96 
62 63 15 10 55 57 2-•16 121 
17 11 15 12 17 18 2-•15 79 
14 3 17--11 18 7 2-• 13 18 
18 14 17-•10 27 17 2-•12 41 
55 56 17 -8 90 90 2-•11 46 
108 110 17 -7 106 111 2-•10 21 
82 84 17 -6 35 35 2 -9 96 
20 3 17 -5 16 14 2 -8 81 
25 15 17 -4 51 52 2 -7 117 
16 9 17 -3 16 5 2 -6 58 
18 15 17 -2 32 33 2 -5 130 
48 48 17 -1 . 55 50 2 -3 215 
24 14 17 0 17 6 2 -2 54 
24 23 17 1 111 109 2 -1 15 
44 42 17 2 25 22 2 0 33 
24 21 17 4 20 20 2 2 53 
22 6 17 6 30 30 2 3 131 
111 113 17 7 22 21 2 4 387 
36 38 17 8 26 27 2 5 392 
88 90 17 9 56 55 2 6 56 
37 35 17 10 44 46 2 7 17 
66 66 19 -8 25 27 2 8 15 
31 30 19 -7 32 30 2 9 S5 
18 1 19 -6 43 43 2 10 68 
110 109 19 -5 37 34 2 11 48 
112 111 19 -4 17 17 2 12 69 
55 53 19 -3 20 14 2 13 166 
18 19 19 -2 16 14 2 15 49 
53 53 19 -1 26 27 2 17 20 
18 18 19 0 23 6 4-17 60 
23 23 19 1 63 60 4-16 16 
16 12 19 2 21 22 4-•15 28 
67 69 19 3 17 1 4-• 14 41 
17 9 19 4 48 46 4-•13 20 
30 32 19 6 46 44 4-•12 62 
17 15 19 7 17 8 4-•11 21 
41 39 21 -3 78 75 4-•10 18 
99 100 21 -2 23 26 4 -9 25 
24 22 21 -1 40 39 4 -8 18 
4 -7 26 24 8--11 29 28 
Pc 4 -6 50 48 8--10 34 35 
42 4 -5 154 155 8 -9 141 143 
18 4 -4 31 30 8 -8 20 22 
77 4 -3 186 189 8 -7 118 116 
51 4 -2 25 23 8 -6 68 71 
101 4 -1 161 159 8 -5 48 47 
29 4 0 71 65 8 -4 27 26 
47 4 1 144 142 8 -3 15 11 
33 4 2 153 151 8 -2 21 20 
108 4 3 111 110 8 -1 54 54 
46 4 5 191 187 8 0 40 39 
8 4 6 18 15 8 1 80 82 
57 4 7 33 32 8 2 15 11 
141 4 8 15 16 8 3 25 25 
12 4 9 86 85 8 5 75 76 
56 4 10 57 57 8 6 41 43 
69 4 11 22 18 8 7 29 28 
15 4 12 34 32 8 8 27 25 
32 4 13 26 21 8 9 85 85 
95 4 14 17 20 8 11 25 24 
119 4 16 35 36 8 12 47 48 
80 4 17 36 32 8 13 98 99 
25 6-•17 48 45 8 14 20 18 
43 6-•16 16 4 8 15 55 54 
45 6-•15 38 40 8 16 35 34 
16 6-•14 22 23 10--16 25 25 
97 6-• 12 20 12 10--14 41 43 
81 6-10 34 32 10-•13 85 87 
118 6 -9 234 237 10-• 12 79 80 
57 6 -8 170 169 10-• 11 89 89 
130 6 -7 110 113 10-•10 59 56 
211 6 -6 16 13 10 -9 17 10 
54 6 -5 42 46 10 -8 34 33 
15 6 -4 20 18 10 -7 26 25 
34 6 -3 64 63 10 -5 69 71 
53 6 -2 30 29 10 -4 21 19 
130 6 -1 290 292 10 -3 54 55 
373 6 0 208 200 10 -2 61 62 
381 6 1 206 206 10 -1 80 72 
55 6 2 66 64 10 0 86 87 
15 6 3 45 46 10 1 178 183 
15 6 4 63 61 10 2 64 66 
56 6 5 20 19 10 3 35 37 
68 6 6 26 27 10 4 41 38 
49 6 7 80 81 10 5 43 40 
65 6 8 54 55 10 6 40 38 
165 6 9 69 68 10 7 27 28 
48 6 10 25 24 10 8 124 126 
11 6 11 86 87 10 9 197 198 
61 6 12 117 116 10 10 24 26 
9 6 13 80 81 10 11 57 57 
17 6 15 57 58 10 13 40 42 
39 6 16 24 24 10 14 27 24 
16 6 17 36 34 10 15 23 17 
65 8- 17 82 82 12-• 15 18 2 
8 8-16 24 9 12- 13 71 70 
9 8-15 41 33 12- 12 37 37 
22 8-13 60 60 12- 11 29 33 
8 8-12 72 74 12- 10 26 22 
64 
11 
10 
64 
27 
27 
108 
37 
186 
31 
17 
43 
85 
37 
48 
44 
107 
9 
42 
20 
14 
39 
60 
36 
46 
26 
21 
43 
24 
149 
114 
134 
35 
15 
27 
55 
71 
7 
121 
37 
42 
3 
21 
30 
26 
22 
75 
21 
18 
19 
22 
37 
74 
51 
121 
31 
27 
16 
292 
16 2 23 17 
16 3 37 37 
16 4 14 1 
16 5 35 33 
16 6 15 14 
16 7 28 25 
16 9 58 61 
16 10 23 27 
16 11 60 59 
18-10 20 18 
18 -9 51 50 
18 -7 46 49 
18 -6 34 33 
IB -5 22 16 
18 -2 20 22 
18 -1 36 32 
18 1 14 3 
18 2 33 28 
18 3 15 8 
18 4 59 58 
18 5 93 94 
18 6 55 56 
18 7 43 38 
18 8 21 21 
20 -6 23 7 
20 -5 55 55 
20 -3 83 82 
20 -2 17 13 
20 0 37 39 
20 1 23 26 
20 2 17 1 
20 3 44 45 
20 4 42 44 
K - 3 
H L Fo Fc 
1-•17 19 23 
1-•16 48 47 
1-•14 20 24 
1-•13 19 18 
1-• 12 36 37 
1-•11 96 97 
1-•10 64 66 
1 -9 35 36 
1 -8 43 43 
1 ~7 30 29 
1 -6 18 17 
1 -5 74 75 
1 -4 76 74 
1 -3 23 24 
1 -2 79 79 
1 -1 85 87 
1 1 181 179 
1 2 27 26 
1 3 87 85 
1 4 200 198 
1 5 42 42 
1 6 125 125 
1 7 35 31 
1 8 23 22 
1 9 56 59 
1 10 47 47 
1 11 22 14 
1 12 52 52 
1 13 55 54 
1 14 79 78 
1 15 16 14 
1 16 29 24 
3- 17 18 21 
3- 16 38 41 
3--15 47 45 
3- 13 86 88 
3-.12 21 21 
3-•11 59 62 
3-• 10 105 106 
3 -9 117 118 
3 -8 24 27 
3 -7 63 63 
3 -6 29 28 
3 -5 64 64 
3 -4 323 319 
3 -3 332 335 
3 -2 203 199 
3 0 69 68 
3 1 33 32 
3 2 27 27 
3 3 51 49 
3 4 285 282 
3 5 34 33 
3 6 112 113 
3 7 70 69 
3 8 100 101 
3 9 69 68 
3 10 28 29 
3 12 65 64 
3 13 56 55 
3 14 24 26 
3 15 41 41 
3 16 35 34 
3 17 95 95 
5-•17 52 47 
5-•15 28 20 
5-•14 30 32 
5-•13 110 110 
5-•11 120 123 
5 -9 34 33 
5 -8 102 102 
5 -7 15 6 
5 -6 18 14 
5 -5 22 20 
5 -4 109 111 
5 -3 31 31 
5 -2 60 59 
5 -1 187 188 
5 0 383 377 
5 1 107 107 
5 2 57 57 
5 3 14 10 
5 4 53 53 
5 5 50 48 
5 6 50 50 
5 7 143 143 
5 8 167 169 
5 9 111 112 
5 13 21 19 
5 14 47 49 
5 15 19 12 
5 17 57 59 
7-•17 75 73 
7--16 38 40 
7-•15 23 27 
7-•14 19 17 
7--13 16 15 
7--12 24 21 
7--11 24 22 
7--10 81 81 
7 -9 23 22 
7 -8 148 148 
7 -7 21 22 
7 -5 61 61 
7 -4 17 17 
7 -3 35 34 
7 -2 64 65 
7 -1 17 9 
7 0 199 193 
7 1 17 5 
7 2 73 73 
7 3 84 82 
7 4 18 15 
7 5 21 16 
7 6 24 26 
7 7 29 25 
7 8 33 34 
7 9 64 63 
7 11 22 22 
7 12 15 5 
7 13 26 27 
? 14 77 77 
7 15 52 51 
7 16 32 28 
9-• 16 55 54 
9-•15 56 55 
9-•14 48 50 
9-•13 46 42 
9-•12 20 5 
9-•11 20 10 
9- 10 19 17 
9 -8 69 68 
9 -7 48 50 
9 -6 42 41 
9 -5 50 49 
9 -4 37 34 
9 -3 41 41 
9 -2 15 5 
9 -1 20 21 
9 0 69 69 
9 1 62 65 
9 2 87 88 
9 3 110 111 
9 5 123 125 
9 6 46 46 
9 7 56 55 
9 8 43 44 
9 9 39 42 
9 10 87 86 
9 11 24 20 
9 12 40 39 
9 13 35 38 
9 14 45 44 
9 15 23 8 
11^ -14 72 69 
11--13 59 60 
11--12 64 66 
11--11 22 16 
11--10 22 20 
11 -9 34 33 
11 -8 64 64 
11 -7 124 125 
11 -6 135 135 
11 -5 91 90 
11 -4 46 46 
11 -3 62 61 
11 -2 18 12 
11 -1 31 18 
11 0 196 199 
11 1 153 154 
11 2 169 173 
11 3 26 26 
11 4 66 67 
11 5 18. 17 
11 7 56 56 
11 8 107 108 
11 9 45 46 
11 10 87 88 
11 11 36 32 
11 12 36 34 
11 13 82 82 
11 14 36 38 
13-•13 35 35 
13-• 12 16 13 
13-• 11 22 21 
13--10 19 3 
13 -9 60 59 
13 -8 37 39 
13 -7 88 90 
13 -6 22 21 
13 -4 119 121 
13 -3 20 19 
13 -2 34 32 
13 -1 19 16 
13 0 61 64 
13 1 15 6 
13 2-«. -31 32 
13 3 121 123 
13 4 178 177 
13 5 107 107 
13 6 47 45 
13 7 19 7 
13 8 46 45 
13 10 27 19 
293 
13 11 23 16 
13 12 42 40 
13 13 76 75 
15--13 54 54 
15-• 12 64 63 
15 -8 18 0 
15 -7 39 39 
15 -6 36 35 
15 -5 24 16 
15 -4 127 129 
15 -3 19 6 
15 -2 48 48 
15 -1 42 42 
15 0 19 16 
15 2 16 4 
15 4 72 71 
15 5 48 51 
15 6 45 46 
15 8 14 7 
15 11 28 32 
17-•11 60 59 
17-•10 15 5 
17 -9 49 46 
17 -8 15 11 
17 -7 21 14 
17 -6 22 22 
17 -4 40 38 
17 -3 24 26 
17 -2 21 18 
17 -1 49 46 
17 0 14 2 
17 1 62 61 
17 2 36 34 
17 3 56 56 
17 5 58 55 
17 6 43 42 
17 7 29 28 
17 8 25 19 
17 9 59 61 
19 -8 69 68 
19 -7 50 52 
19 -6 20 16 
19 -5 19 21 
19 -4 54 52 
19 -3 77 80 
19 -2 92 95 
19 -1 21 11 
19 0 19 19 
19 1 37 34 
19 2 16 7 
19 3 34 36 
19 4 73 76 
19 5 15 4 
19 6 101 98 
K > 4 
H L Fo Fc 
0 0 34 26 
0 1 115 111 
0 2 84 85 
0 3 88 87 
0 4 25 24 
0 5 67 66 
0 6 73 71 
0 7 28 27 
0 8 123 121 
0 9 21 16 
0 10 142 141 
0 11 25 23 
0 12 38 38 
0 13 44 42 
0 14 52 53 
0 15 18 3 
0 16 47 47 
0 17 23 23 
2-•17 27 25 
2-•16 43 44 
2-•15 22 12 
2-• 14 21 17 
2-•12 87 87 
2-•11 82 85 
2-• 10 81 80 
2 -9 33 31 
2 -8 90 90 
2 -6 16 11 
2 -5 74 71 
2 -4 183 182 
2 -3 121 120 
2 -2 102 99 
2 -1 54 52 
2 0 167 166 
2 1 41 44 
2 2 64 63 
2 3 13 5 
2 4 65 63 
2 5 40 40 
2 6 22 23 
2 7 33 30 
2 8 17 13 
2 10 34 34 
2 11 57 57 
2 12 65 66 
2 13 48 49 
2 14 56 58 
2 15 49 51 
2 16 80 82 
2 17 19 22 
4-•16 28 21 
4-•14 87 85 
4-•13 78 80 
4-•12 255 255 
4-•11 125 125 
4-•10 48 50 
4 -9 22 22 
4 -8 59 60 
4 -7 51 53 
4 -6 113 114 
4 -5 103 102 
4 -4 282 285 
4 -3 86 85 
4 -2 72 73 
4 -1 14 9 
4 0 25 25 
4 1 12 7 
4 2 41 42 
4 3 43 42 
4 4 16 14 
4 6 59 58 
4 7 131 130 
4 8 318 319 
4 9 87 87 
4 10 153 156 
4 11 49 52 
4 12 29 29 
4 13 26 22 
4 14 25 29 
4 15 93 91 
4 16 145 145 
4 17 21 20 
6-•17 26 27 
6-• 16 27 14 
6-•15 48 44 
6-•14 51 54 
6-•13 20 12 
6-•12 79 76 
6-•11 23 22 
6-•10 28 30 
6 -9 17 17 
6 -8 54 58 
6 -7 82 82 
6 -6 16 15 
6 -5 27 26 
6 -4 17 14 
6 -3 26 25 
6 -2 26 29 
6 -1 46 46 
6 0 133 133 
6 1 26 24 
6 2 20 18 
6 4 64 62 
6 6 78 79 
6 7 107 108 
6 8 138 141 
6 9 19 16 
6 10 90 89 
6 13 16 9 
6 14 71 72 
6 15 49 47 
6 16 26 23 
8-•16 44 43 
8-• 15 25 25 
8-•14 23 23 
8-•13 26 25 
8-• 12 47 45 
8-•10 39 40 
8 -9 28 32 
8 -8 43 44 
8 -7 19 16 
8 -6 126 128 
8 -5 38 37 
8 -4 70 70 
8 -3 43 44 
8 -2 23 24 
8 -1 70 68 
8 0 80 78 
8 1 54 53 
8 2 14 10 
8 3 42 45 
8 4 60 59 
8 5 14 13 
8 6 131 132 
8 7 54 53 
8 8 25 28 
8 9 18 9 
8 10 25 26 
8 11 20 24 
8 12 80 82 
8 13 26 30 
8 14 77 77 
8 15 23 26 
10-• 15 19 13 
10-•14 61 63 
10--13 38 36 
10--12 78 80 
10 -9 31 36 
10 -8 121 123 
10 -7 75 75 
10 -6 38 43 
10 -5 66 67 
10 -4 186 188 
10 -3 21 5 
10 -2 106 108 
10 -1 65 63 
10 0 78 77 
10 1 36 35 
10 2 29 17 
10 3 71 73 
10 4 118 120 
10 5 30 28 
10 6 73 74 
10 7 19 22 
10 8 42 41 
10 9 36 35 
10 10 58 56 
10 12 18 9 
10 14 19 9 
12-•14 33 26 
12-•13 33 31 
12-• 12 61 62 
12-•10 35 36 
12 -9 84 85 
12 -8 207 209 
12 -7 56 58 
12 -6 103 104 
12 -5 64 64 
12 -4 54 55 
12 -3 32 33 
12 -2 21 21 
12 -1 21 15 
12 0 73 71 
12 1 17 16 
12 2 29 32 
12 3 16 16 
12 4 88 88 
12 5 19 10 
12 6 99 99 
12 7 52 51 
12 8 24 2 
12 9 32 34 
12 10 16 9 
12 11 77 78 
12 12 148 149 
12 13 25 21 
14--13 15 1 
14--12 34 31 
14--11 60 60 
14--10 32 31 
14 -9 15 5 
14 -8 45 44 
14 -6 19 24 
14 -3 43 42 
14 -2 32 34 
14 0 38 38 
14 1 16 8 
14 2 28 25 
14 3 39 35 
14 4 79 79 
14 6 62 61 
14 7 20 6 
14 8 21 13 
14 9 15 8 
14 10 35 34 
14 11 44 44 
14 12 50 48 
16-•11 31 33 
16-•10 24 26 
16 -9 18 2 
16 -8 24 24 
16 -7 21 5 
16 -5 23 17 
16 -3 16 8 
16 -2 37 35 
16 -1 31 29 
16 0 31 30 
16 2 21 18 
16 3 32 35 
16 4 29 31 
16 6 21 19 
16 7 14 15 
16 8 61 60 
16 9 23 18 
16 10 82 83 
18 -9 39 39 
18 -8 90 91 
18 -7 18 10 
18 -6 49 50 
18 -5 43 42 
18 -4 59 58 
18 -3 16 17 
18 -1 65 64 
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18 0 145 141 3 4 158 155 7 14 
18 2 99 98 3 5 14 13 9- 15 
18 3 26 21 3 6 56 56 9- 13 
18 5 19 1 3 7 32 32 9- 12 
18 6 16 5 3 8 37 33 9- 11 
18 7 35 38 3 9 117 115 9- 10 
20 -4 77 78 3 10 50 51 9 -9 
20 -2 61 58 3 11 33 30 9 —8 
20 -1 42 41 3 :2 17 4 9 -6 
20 0 27 24 3 13 18 20 9 -5 
3 14 77 79 9 -3 
K . 5 3 15 43 42 9 -2 
H L Fo Fc 3 16 59 56 9 -1 
1- 17 26 24 5-•16 45 42 9 0 
1- 16 32 34 5- 14 38 35 9 2 
1- 15 28 31 5-•13 103 104 9 3 
1- 14 40 41 5-•12 18 3 9 4 
1- 13 39 40 5-•11 76 76 9 5 
1- 12 34 33 5-•10 84 84 9 6 
1- 11 21 17 5 -8 15 16 9 8 
1 -9 159 158 5 -7 68 69 9 9 
1 -8 25 21 5 -6 18 9 9 10 
1 -5 44 43 5 -5 83 82 9 11 
1 -4 28 27 5 -4 83 83 9 12 
1 -3 13 1 5 -1 50 8 9 13 
1 -2 68 68 5 0 151 149 9 14 
1 -1 216 218 5 1 299 301 11- 13 
1 0 16 15 5 2 199 200 11-•12 
1 1 197 198 5 3 71 73 11-•11 
1 2 118 119 5 4 23 22 11- 10 
1 3 28 28 5 5 19 20 11 -9 
1 4 139 138 5 6 45 43 11 -8 
1 6 20 16 5 8 53 53 11 -7 
1 7 88 88 5 9 150 152 11 -6 
1 8 21 16 5 10 78 78 11 -5 
1 9 58 58 5 11 35 36 11 -4 
1 10 17 10 5 13 46 47 11 -3 
1 14 21 20 5 15 50 48 11 -2 
1 15 76 75 5 16 35 37 11 -1 
1 16 23 17 7--16 38 36 11 0 
3-• 17 26 14 7--14 22 21 11 1 
3- 16 63 62 7-•11 39 40 11 2 
3- 15 31 26 7-•10 41 39 11 3 
3- 13 77 76 7 -8 42 42 11 4 
3- 12 17 7 7 -7 73 74 11 5 
3-•11 60 59 7 -6 75 75 11 6 
3-• 10 36 37 7 -5 60 59 11 7 
3 -9 100 99 7 -3 86 86 11 8 
3 -8 39 39 7 -1 68 66 11 10 
3 -7 55 55 7 0 72 72 11 11 
3 -6 166 169 7 1 45 46 11 12 
3 -5 245 244 7 2 93 92 11 13 
3 -4 202 202 7 3 26 30 13-•12 
3 -3 84 85 7 4 19 19 13-•11 
3 -2 21 24 7 5 116 118 13-•10 
3 -1 19 16 7 6 20 22 13 -9 
3 0 63 62 7 8 30 26 13 -8 
3 1 39 39 7 9 32 31 13 -7 
3 2 99 99 7 12 19 17 13 -6 
3 3 179 180 7 13 75 77 13 -4 
39 13 -3 91 91 19 4 72 72 
11 13 -2 63 64 
70 13 -1 67 68 K . 6 
41 13 0 38 41 H L Fo Fc 
23 13 1 43 41 0 0 51 52 
60 13 2 36 31 0 1 15 10 
55 13 4 51 50 0 2 51 51 
37 13 5 159 158 0 3 41 40 
52 13 6 107 110 0 5 34 34 
152 13 7 69 68 0 6 148 149 
92 13 8 16 15 0 7 42 42 
21 13 9 18 18 0 8 83 85 
17 13 10 30 29 0 9 119 120 
88 13 11 14 1 0 10 45 48 
67 13 12 22 18 0 11 71 73 
151 15--12 17 7 0 12 52 54 
36 15--11 19 14 0 13 50 53 
175 15 -9 23 22 0 14 61 61 
41 15 -8 15 3 0 15 38 39 
80 15 -7 19 17 0 16 35 35 
43 15 -6 36 39 2-• 16 15 2 
31 15 -5 16 7 2-• 15 20 5 
71 15 -4 47 48 2-•13 26 21 
19 15 -3 57 57 2--12 20 20 
37 15 -2 65 65 2-• 11 45 46 
30 15 -1 18 18 2--10 38 35 
34 15 0 14 15 2 -9 138 139 
62 15 1 40 38 2 -7 80 78 
40 15 3 26 26 2 -6 37 37 
56 15 5 38 41 2 -5 108 107 
65 15 6 45 44 2 -4 18 8 
73 15 7 40 38 2 -3 41 38 
55 15 9 50 49 2 -2 72 73 
28 15 10 15 6 2 0 79 78 
74 17 -9 73 72 2 1 24 22 
10 17 -8 19 26 2 2 141 140 
79 17 -7 43 42 2 3 290 292 
104 17 -6 24 23 2 4 187 185 
152 17 -5 19 19 2 5 46 44 
178 17 -4 21 7 2 6 22 • 23 
89 17 -3 18 20 2 7 32 30 
17 17 -2 52 51 2 8 66 68 
54 17 -1 78 74 2 9 44 45 
42 17 0 34 26 2 10 75 76 
24 17 1 126 127 2 11 131 129 
25 17 2 17 15 2 12 65 64 
32 17 3 20 18 2 13 88 87 
65 17 4 69 70 2 14 60 60 
60 17 5 30 24 2 15 73 72 
28 17 6 37 37 2 16 19 16 
32 17 7 53 54 4-• 16 28 20 
77 17 8 50 47 4-• 15 25 28 
36 19 -6 51 54 4-• 14 19 16 
16 19 -5 30 26 4-• 13 25 15 
37 19 -4 85 81 4-• 12 21 21 
87 19 -3 45 45 4-• 11 21 16 
36 19 -2 16 3 4-•10 42 38 
56 19 -1 33 32 4 -9 34 32 
33 19 1 51 44 4 -8 39 39 
25 19 3 41 34 4 -7 25 22 
43 
19 
71 
43 
22 
61 
56 
36 
49 
150 
90 
20 
20 
88 
66 
152 
35 
174 
43 
78 
45 
30 
70 
21 
32 
35 
32 
61 
40 
56 
64 
74 
54 
31 
72 
19 
80 
101 
152 
181 
89 
25 
. 55 
42 
26 
26 
30 
61 
60 
28 
32 
77 
39 
19 
34 
85 
33 
56 
35 
27 
4 -6 
4 -5 
4 -4 
4 -3 
4 -2 
4 -1 
4 0 
4 1 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 
4 8 
4 9 
4 10 
4 12 
4 13 
4 14 
4 15 
4 16 
6-15 
6-14 
6-12 
6-11 
6-10 
6 -9 
6 -8 
6 -7 
6 -6 
6 -4 
6 -3 
6 -2 
6 0 
6 1 
6 2 
6 3 
6 4 
6 5 
6 6 
6 7 
6 9 
6 11 
6 12 
6 13 
6 14 
6 15 
8-15 
8-14 
8-13 
8-11 
8-10 
8 -9 
8 -8 
8 -7 
8 -6 
a -5 
8 -4 
8 -3 
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82 83 8 -2 122 124 12 6 59 
111 109 8 -1 55 55 12 7 22 
64 63 8 0 14 3 12 8 39 
26 26 8 1 44 46 12 9 97 
66 66 8 2 37 39 12 10 32 
26 13 8 3 76 77 12 11 29 
30 29 8 4 69 69 14-•11 54 
135 137 8 5 75 75 14-•10 75 
92 93 8 6 23 24 14 -6 40 
108 109 8 7 29 29 14 -4 45 
54 53 8 8 40 38 14 -3 113 
105 103 8 9 14 6 14 -2 128 
48 49 8 10 56 57 14 -1 37 
32 34 8 11 13 13 14 0 25 
31 34 8 12 70 71 14 1 41 
57 57 8 13 104 106 14 2 45 
26 31 8 14 29 25 14 3 20 
16 9 10-•14 36 34 14 5 63 
25 24 10-•13 136 136 14 6 23 
30 31 10-•12 17 6 14 7 30 
19 6 10-•11 72 71 14 8 14 
23 19 10-•10 29 28 14 9 20 
41 41 10 -9 21 20 14 10 14 
50 45 10 -7 24 20 16-•10 39 
22 23 10 -6 17 8 16 -9 30 
51 52 10 -5 44 42 16 -8 22 
63 64 10 -4 59 57 16 -7 29 
49 49 10 -3 62 63 16 -6 74 
85 85 10 -2 34 32 16 -5 92 
190 195 10 -1 144 142 16 -4 52 
167 167 10 0 57 58 16 -3 68 
15 8 10 1 47 47 16 -1 35 
21 13 10 3 15 12 16 0 28 
36 37 10 4 53 55 16 1 14 
91 90 10 5 44 43 16 2 49 
203 203 10 6 71 73 16 3 32 
65 65 10 7 149 150 16 4 25 
68 69 10 8 110 110 16 5 32 
45 45 10 9 76 79 16 7 61 
22 20 10 10 33 33 16 8 56 
50 53 10 11 48 47 18 -7 69 
53 55 10 12 65 67 18 -6 38 
38 36 10 13 19 19 18 -5 18 
23 20 12--13 25 16 18 -1 17 
21 16 12-•12 24 20 18 0 40 
135 135 12-•11 50 50 18 2 17 
37 40 12 -9 39 39 18 3 80 
52 50 12 -8 32 28 18 4 52 
44 42 12 -7 44 41 18 5 49 
52 51 12 -6 14 8 
71 70 12 -5 17 4 K » 7 
22 14 12 -4 39 38 H L Fo 
84 86 12 -3 42 42 1-•16 80 
99 99 12 -2 81 82 1-•15 60 
18 19 12 -1 71 72 1-• 14 19 
94 96 12 0 23 26 1-•13 30 
18 12 12 1 85 85 1-•12 17 
42 40 12 2 53 54 1-•11 52 
58 58 12 3 56 56 1-•10 151 
55 55 12 5 51 53 1 -9 135 
57 1 -8 120 119 5 -3 127 127 
22 1 -6 22 16 5 -2 18 19 
36 1 -5 33 31 5 -1 52 51 
94 1 -4 30 30 5 0 66 66 
32 1 -3 25 23 5 2 31 26 
32 1 -2 162 162 5 3 64 66 
54 1 -1 73 74 5 4 32 32 
76 1 0 21 22 5 5 14 12 
42 1 1 98 99 5 6 15 13 
47 1 2 37 41 5 8 44 48 
114 1 3 19 6 5 9 59 59 
128 1 4 109 109 5 10 26 26 
37 1 5 51 52 5 11 34 33 
24 1 6 91 90 5 13 27 29 
42 1 7 85 85 5 14 73 72 
45 1 8 31 33 5 15 17 7 
24 1 9 69 69 7-15 72 70 
62 1 10 51 51 7-14 97 98 
18 1 11 133 131 7-12 28 29 
37 1 12 102 104 7-11 75 76 
7 1 14 69 68 7-10 72 71 
19 1 15 48 53 7 -9 52 52 
8 1 16 26 20 7 -8 110 111 
40 3-•16 58 59 7 -7 80 81 
29 3-•15 40 42 7 -6 59 59 
3 3-•14 20 5 7 -5 116 116 
28 3-•13 23 20 7 -4 46 46 
75 3-• 12 55 52 7 -3 50 50 
89 3-•10 39 39 7 -2 125 125 
51 3 -9 20 12 7 -1 90 90 
71 3 -8 38 39 7 0 115 114 
38 3 -6 21 17 7 1 49 49 
23 3 -5 58 59 7 3 47 48 
9 3 -4 110 109 7 4 15 16 
50 3 -3 24 18 7 5 125 123 
31 3 -2 29 30 7 6 193 198 
8 3 -1 33 32 7 7 39 38 
31 3 1 47 46 7 8 51 52 
59 3 3 14 20 7 9 25 27 
59 3 4 130 130 7 10 15 16 
68 3 5 69 71 7 11 71 72 
35 3 6 90 91 7 12 71 71 
7 3 7 92 94 7 13 33 36 
15 3 9 33 34 7 14 94 98 
38 3 10 22 19 9-14 32 32 
7 3 11 65 66 9-13 57 57 
77 3 12 94 95 9-12 101 101 
51 3 14 60 60 9-11 50 51 
47 3 15 19 12 9-10 16 12 
5-•14 30 25 9 -9 50 50 
5-•13 21 14 9 -8 38 37 
Fc 5-•12 42 41 9 -7 36 36 
76 5-•11 28 28 9 -6 95 94 
60 5-•10 62 61 9 -5 146 149 
15 5 -9 36 35 9 -4 101 103 
30 5 -8 92 92 9 -3 75 77 
12 5 -7 52 54 9 -2 61 60 
48 5 -6 57 58 9 -1 24 24 
152 5 -5 29 30 9 2 42 41 
134 5 -4 56 58 9 3 23 25 
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9 4 21 17 15 1 15 14 2 13 
9 5 65 65 15 2 100 100 2 14 
9 6 38 36 15 3 39 41 2 15 
9 7 79 78 15 4 90 93 4-15 
9 S 79 80 15 5 31 29 4-14 
9 10 52 54 15 6 28 32 4-13 
9 11 57 60 15 7 18 16 4-12 
9 12 21 15 15 8 21 12 4-11 
9 13 20 7 15 9 51 51 4-10 
11-.13 33 31 17 -5 35 35 4 -7 
11--12 62 64 17 -4 46 46 4 -5 
11--11 23 18 17 -3 21 21 4 -4 
11 -9 45 44 17 -1 64 62 4 -3 
11 -8 68 69 17 0 38 39 4 -2 
11 -7 16 16 17 1 58 57 4 0 
11 -6 16 2 17 2 44 45 4 1 
11 -4 36 35 17 4 18 5 4 2 
11 -3 51 49 17 6 19 8 4 3 
11 0 102 102 4 4 
11 2 38 41 K . 8 4 5 
11 3 40 38 B L Fo Fc 4 6 
11 4 30 30 0 0 239 234 4 7 
11 7 40 40 0 1 205 203 4 8 
11 8 88 90 0 2 166 169 4 9 
11 9 19 21 0 3 100 99 4 10 
11 10 99 98 0 4 34 36 4 11 
11 11 35 31 0 5 77 75 4 12 
11 12 29 25 0 6 40 37 4 13 
13-•12 26 23 0 7 118 120 4 14 
13-•11 37 36 0 8 87 88 6-14 
13--10 48 46 0 9 46 45 6-13 
13 -8 48 49 0 10 56 57 6-12 
13 -7 54 55 0 12 44 44 6-11 
13 -5 53 55 0 14 25 26 6-10 
13 -4 21 21 0 15 29 29 6 -9 
13 -3 17 15 2-•15 23 21 6 -8 
13 -2 36 35 2-•14 40 39 6 -7 
13 -1 25 20 2-•12 15 11 6 -6 
13 0 60 62 2-•11 49 52 6 -5 
13 1 60 60 2-•10 54 57 6 -3 
13 2 54 54 2 -9 86 87 6 -2 
13 3 24 23 2 -8 80 80 6 -1 
13 4 16 9 2 -7 106 108 6 0 
13 5 24 19 2 -6 28 29 6 1 
13 6 24 24 2 -5 28 27 6 3 
13 7 17 16 2 -4 89 91 6 4 
13 8 35 36 2 -3 98 100 6 5 
13 9 18 14 2 -2 47 49 6 7 
13 10 16 19 2 -1 135 135 6 8 
15-• 10 80 78 2 0 65 63 6 9 
15 -9 47 46 2 1 37 33 6 10 
15 -8 27 26 2 2 40 39 6 11 
15 -7 45 46 2 3 34 35 6 12 
15 -6 43 46 2 5 59 60 6 13 
15 -5 68 68 2 6 69 70 6 14 
15 -4 102 103 2 7 30 29 8-14 
15 -3 21 14 2 8 20 21 8-13 
15 -2 43 42 2 10 33 29 8-12 
15 -1 • 62 63 2 11 56 59 8-11 
15 0 40 39 2 12 22 18 8-10 
15 8 -9 41 42 12 7 17 7 
32 8 -7 16 6 12 9 22 22 
6 8 -6 65 66 14-•10 47 46 
62 8 -5 108 109 14 -9 53 53 
52 8 -4 120 121 14 -8 69 70 
58 8 -3 109 111 14 -7 20 21 
69 8 -2 114 114 14 -6 84 82 
30 8 -1 132 131 14 -5 22 18 
22 8 0 22 22 14 -4 38 33 
45 8 l" 35 35 14 -3 32 33 
60 8 2 89 92 14 -2 20 17 
84 8 3 172 173 14 -1 20 5 
39 9 4 146 149 14 0 16 15 
134 8 5 80 78 14 1 36 36 
89 8 6 94 95 14 2 34 30 
38 8 7 81 84 14 3 91 90 
42 8 8 18 12 14 4 96 97 
24 8 9 22 18 14 5 41 46 
38 8 10 23 13 14 6 32 32 
26 8 11 36 36 14 7 78 78 
44 8 12 42 42 14 8 17 19 
8 8 13 17 12 16 -7 21 16 
64 10-•13 37 38 16 -6 28 23 
81 10-•12 45 43 16 -5 69 70 
12 10-•11 30 29 16 -3 20 13 
55 10-•10 23 19 16 -2 37 39 
17 10 -7 40 42 16 -1 95 92 
10 10 -6 41 46 16 0 89 88 
25 10 -5 79 79 16 1 36 31 
35 10 -4 65 65 16 2 83 84 
21 10 -3 40 43 16 3 99 102 
71 10 -2 47 46 16 4 18 13 
28 . 10 -1 19 2 16 6 13 6 
55 10 0 28 27 
7 10 1 75 74 K = 9 
6 10 2 46 46 H L Fo Fc 
50 10 3 75 75 1--14 52 52 
39 10 4 46 48 1--13 21 21 
11 10 5 14 3 1-•12 40 38 
53 10 6 37 36 1-•11 22 15 
73 10 8 21 23 1-• 10 32 27 
94 10 9 35 31 1 -9 50 50 
76 10 11 20 22 1 -8 43 42 
58 12-•11 40 39 1 -7 129 127 
88 12-•10 17 20 1 -6 177 178 
45 12 -9 36 36 1 -5 42 43 
97 12 -8 59 60 1 -4 20 13 
98 12 -7 67 67 1 -3 24 18 
85 12 -6 24 20 1 -2 96 96 
33 12 -5 19 18 1 -1 81 79 
28 12 -4 14 7 1 1 52 52 
88 12 -3 18 15 1 2 53 56 
28 12 -2 15 8 1 4 44 42 
41 12 0 50 49 1 5 33 27 
15 12 1 52 53 1 6 16 7 
30 12 2 95 96 1 7 127 128 
19 12 3 35 34 1 8 22 22 
29 12 4 51 53 1 9 38 36 
5 12 5 26 24 1 10 25 25 
16 12 6 15 3 1 12 24 28 
24 
35 
22 
61 
51 
57 
70 
28 
22 
47 
59 
84 
40 
135 
91 
38 
40 
21 
37 
25 
44 
18 
63 
82 
17 
55 
19 
16 
28 
37 
20 
71 
26 
56 
19 
16 
50 
37 
18 
52 
73 
97 
77 
58 
88 
47 
94 
101 
84 
29 
27 
87 
26 
41 
18 
37 
20 
24 
15 
16 
1 13 
1 14 
3-14 
3-13 
3-12 
3-11 
3-10 
3 -8 
3 -7 
3 -6 
3 -5 
3 -4 
3 -3 
3 -2 
3 -1 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 9 
3 10 
3 11 
3 12 
3 13 
3 14 
5-14 
5-13 
5-12 
5-11 
5-10 
5 -9 
5 -7 
5 -6 
5 -5 
5 -3 
5 -2 
5 -1 
5 0 
5 1 
5 2 
5 3 
5 4 
5 5 
5 6 
5 7 
5 8 
5 9 
5 10 
5 11 
5 12 
7-13 
7-11 
7-10 
7 -9 
7 -8 
7 -6 
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73 73 7 -4 13 5 13 1 37 
88 88 7 -3 78 79 13 2 43 
92 90 7 -2 78 80 13 3 31 
56 56 7 0 35 32 13 5 52 
46 46 7 1 38 40 13 6 22 
61 59 7 2 121 119 13 7 42 
56 60 7 3 58 57 13 8 39 
36 36 7 4 78 79 15 -7 28 
29 29 7 5 65 65 15 -6 16 
43 40 7 6 62 64 15 -5 48 
44 44 7 8 41 41 15 -4 42 
19 17 7 10 98 100 15 -3 18 
56 57 7 11 78 78 15 -2 22 
68 68 7 12 66 67 15 -1 20 
20 15 9-• 11 82 85 15 0 39 
18 7 9--10 105 105 15 1 29 
20 10 9 -9 51 50 15 2 53 
25 25 9 -8 28 30 15 3 17 
48 46 9 -7 19 9 15 5 44 
21 22 9 -6 47 49 15 6 84 
21 21 9 -5 51 52 
81 81 9 -3 105 105 K » 10 
21 26 9 -2 114 114 H L Fo 
62 61 9 -1 62 63 0 0 66 
25 25 9 0 16 12 0 1 56 
61 63 9 1 28 24 0 3 39 
33 31 9 2 56 59 0 5 40 
25 27 9 3 66 67 0 6 58 
42 41 9 4 35 35 0 7 40 
44 52 9 5 58 57 0 8 47 
83 82 9 7 25 27 0 9 16 
38 41 9 8 18 15 0 12 28 
43 44 9 9 44 42 0 13 52 
82 81 9 10 56 57 2-•13 39 
26 28 9 11 98 98 2-• 12 27 
75 73 11-•11 23 12 2-•11 20 
86 85 11-•10 72 74 2- 10 19 
94 95 11 -9 30 26 2 -9 18 
54 53 11 -8 25 29 2 -8 22 
23 21 11 -7 60 59 2 -7 100 
34 34 11 -6 75 72 2 -6 41 
46 44 11 -4 20 6 2 -5 71 
41 41 11 -3 22 14 2 -4 20 
56 57 11 -2 28 26 2 -3 64 
25 26 11 1 16 15 2 -2 67 
21 12 11 2 21 5 2 -1 30 
19 17 11 3 22 20 2 0 20 
96 96 11 4 18 15 2 1 19 
83 80 11 6 25 22 2 2 28 
43 42 11 7 32 34 2 3 20 
89 90 11 10 52 54 2 4 17 
68 68 13 -9 79 77 2 5 155 
36 36 13 -8 21 17 2 6 163 
71 71 13 -7 65 63 2 7 61 
28 29 13 -6 58 57 2 8 30 
62 58 13 -4 47 48 2 9 23 
61 62 13 -3 47 47 2 10 31 
79 82 13 -2 85 , 87 2 11 24 
63 65 13 -1 71 70 2 12 36 
28 26 13 0 28 31 2 13 80 
4-•12 43 45 8 10 62 62 
4-•10 26 25 8 11 24 23 
4 -9 27 30 10--10 44 44 
4 -8 23 25 10 -9 51 51 
4 -7 65 65 10 -6 20 2 
4 -6 92 92 10 -4 26 25 
4 -5 52 54 10 -3 50 50 
4 -4 46 49 10 -2 22 21 
4 -3 60 61 10 -1 37 36 
4 -2 109 111 10 0 17 20 
4 -1 48 52 10 1 69 67 
4 0 49 49 10 2 102 102 
4 2 142 145 10 3 45 45 
4 3 14 3 10 4 62 63 
4 4 83 83 10 6 14 8 
4 5 53 54 10 7 17 11 
4 6 69 68 10 9 87 85 
4 7 14 15 12 -9 45 45 
4 9 17 7 12 -8 34 34 
4 10 84 84 12 -7 24 22 
4 11 40 40 12 -6 24 24 
4 12 38 35 12 -5 23 19 
6-•12 25 10 12 -4 15 6 
6-• 11 37 37 12 -3 47 48 
6-•10 69 69 12 -2 72 74 
6 -9 126 127 12 -1 82 80 
6 -8 28 31 12 0 87 85 
6 -7 19 13 12 1 55 57 
6 -6 37 40 12 2 62 66 
6 -5 37 35 12 3 25 23 
6 -3 32 36 12 4 16 11 
6 -2 146 146 12 6 92 93 
6 -1 125 127 12 7 15 10 
6 0 15 4 12 8 64 63 
6 1 63 63 14 -6 71 70 
6 2 91 92 14 -5 93 94 
6 3 59 59 14 -3 47 50 
6 4 37 35 14 -2 58 58 
6 5 16 14 14 0 31 29 
6 6 15 10 14 2 42 42 
6 9 44 47 14 3 33 33 
6 10 16 6 14 4 14 14 
6 11 94 95 14 5 45 47 
6 12 28 26 
8-• 11 18 12 K . 11 
8-•10 94 94 H L Fo Fc 
8 -9 41 40 1-•12 20 16 
8 -8 20 17 1-•11 57 57 
8 -7 53 54 1 -9 17 6 
8 -6 39 42 1 -8 28 20 
8 -5 47 50 1 -5 25 22 
8 -4 27 29 1 -4 34 36 
8 -2 33 32 1 -3 45 51 
8 0 27 25 1 -2 41 41 
8 1 26 29 1 -1 20 19 
8 3 51 52 1 0 24 20 
8 4 41 45 1 1 55 55 
8 6 18 16 1 2 57 57 
8 8 25 24 1 3 66 66 
8 9 28 35 1 4 48 47 
32 
42 
34 
51 
14 
38 
41 
36 
9 
44 
43 
21 
17 
21 
39 
27 
53 
5 
44 
80 
Fc 
65 
56 
41 
39 
56 
41 
46 
1 
29 
52 
37 
26 
22 
1 
5 
23 
100 
38 
72 
25 
65 
64 
30 
14 
21 
28 
22 
17 
157 
161 
61  
28 
19 
31 
25 
36 
81 
5 
6 
7 
11 
12 
12 
•11 
• 10 
-8 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
•11 
•10 
-9 
-8 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
5 
6 
7 
8 
10 
•10 
-9 
-8 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
0 
1 
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29 27 7 2 57 56 2 -6 50 
67 69 7 3 22 18 2 -5 19 
60 59 7 4 47 47 2 -4 23 
76 75 7 7 33 34 2 -3 112 
59 57 7 8 46 42 2 -2 15 
42 45 9 -7 16 20 2 -1 54 
17 10 9 -6 18 3 2 0 37 
101 101 9 -3 17 6 2 1 16 
. 23 21 9 -2 24 26 2 2 28 
42 39 9 -1 15 8 2 3 26 
16 14 9 0 15 6 2 4 18 
26 25 9 1 21 19 2 5 70 
50 51 9 2 65 65 2 6 32 
73 76 9 3 33 34 2 7 19 
148 150 9 5 34 36 2 9 51 
116 113 9 6 21 1 2 10 53 
33 30 9 7 57 58 4-•10 57 
89 87 9 9 17 8 4 -9 60 
45 48 11 -7 21 10 4 -8 33 
114 115 11 -6 129 131 4 -7 84 
77 79 11 -5 29 29 4 -6 47 
36 34 11 -4 43 42 4 -5 64 
19 20 11 -3 44 41 4 -4 36 
76 77 11 -2 37 37 4 -3 60 
18 4 11 -1 51 52 4 -2 55 
21 23 11 0 39 40 4 -1 24 
35 38 11 1 23 23 4 0 25 
32 32 11 2 92 90 4 1 17 
38 37 11 3 92 93 4 3 38 
48 45 11 4 20 22 4 4 27 
35 34 11 5 47 50 4 6 83 
55 58 11 6 37 36 4 7 77 
69 70 11 7 98 95 4 8 39 
18 18 13 -5 51 51 4 9 46 
71 72 13 -4 37 41 6 -9 35 
19 11 13 -3 54 54 6 -8 ih  
64 63 13 -2 17 14 6 -7 38 
62 62 13 -1 76 76 6 -6 49 
100 101 13 0 16 10 6 -5 41 
76 77 13 1 34 29 6 -4 18 
59 57 13 2 39 40 6 -3 22 
28 25 13 3 104 103 •6 -2 57 
77 78 13 4 47 46 6 -1 60 
54 54 6 0 18 
94 92 K = 12 6 2 22 
75 77 H L Fo Fc 6 3 31 
59 59 0 0 67 67 6 4 36 
16 15 0 1 20 16 6 5 25 
35 37 0 2 28 6 6 6 25 
30 31 0 3 38 35 6 7 104 
74 78 0 4 28 26 6 8 17 
72 72 0 5 17 7 6 9 31 
45 45 0 6 24 25 8 -8 30 
30 31 0 7 14 13 8 -6 59 
21 20 0 8 43 42 8 -5 16 
25 23 0 10 81 82 8 -4 56 
44 45 2--10 19 9 8 -3 32 
53 53 2 -9 52 52 8 -2 35 
62 61 2 -8 36 34 8 -1 28 
26 23 2 -7 35 32 8 2 36 
51 8 3 22 16 5 3 106 105 
13 8 4 49 45 5 4 31 34 
20 8 5 25 13 5 5 15 9 
111 8 6 49 46 5 6 44 45 
4 8 7 62 62 7 -6 58 58 
56 10 -6 22 23 7 -5 18 15 
39 10 -5 93 93 7 -3 38 36 
14 10 -4 55 56 7 -2 39 43 
29 10 -3 31 31 7 -1 22 24 
27 10 -1 59 57 7 0 30 31 
15 10 0 25 27 7 1 26 27 
70 10 1 60 62 7 2 60 63 
33 10 2 18 17 7 4 25 22 
20 10 3 60 60 7 5 36 36 
52 10 4 16 15 7 6 68 66 
53 12 -3 21 23 9 -3 56 55 
58 12 -1 26 27 9 -2 76 75 
61 12 0 17 18 9 -1 27 18 
31 12 1 30 30 9 1 61 65 
83 12 2 36 34 9 2 83 84 
46 9 3 62 63 
64 K . 13 
36 H L Fo Fc K » 14 
61 1 -8 31 35 H L Fo Fc 
52 1 -7 46 50 0 0 46 45 
10 1 -6 43 41 0 1 19 13 
21 1 -5 15 3 0 2 16 7 
12 1 -4 40 40 0 3 28 30 
37 1 -3 52 50 0 4 45 46 
26 1 -2 96 97 0 5 46 47 
82 1 -1 69 66 2 -5 68 65 
75 1 0 15 8 2 -4 32 29 
41 1 1 31 32 2 -3 32 25 
46 1 2 109 109 2 -2 25 20 
37 1 3 40 39 2 -1 23 23 
13 1 4 18 12 2 1 62 61 
35 1 5 37 36 2 2 85 84 
52 1 6 47 49 2 3 57 59 
40 1 7 19 20 2 • 4 16 4 
9 1 8 28 25 4 -5 18 15 
12 3 -8 34 34 4 -3 19 5 
57 3 -7 25 25 4 -2 18 6 
62 3 -6 114 113 4 -1 22 16 
15 3 -5 44 42 4 0 18 1 
22 3 -4 13 1 4 1 20 1 
30 3 -2 65 62 4 2 98 96 
32 3 -1 21 13 4 3 16 5 
28 3 1 85 83 4 4 31 33 
18 3 2 57 54 6 -3 17 13 
101 3 3 64 64 6 -2 19 12 
1 3 6 17 15 6 -1 19 23 
29 3 7 20 13 6 0 22 17 
29 5 -7 42 41 6 1 52 49 
57 5 -6 22 13 6 2 41 40 
6 5 -5 61 61 
60 5 -2 23 22 
33 5 -1 29 27 
34 5 0 18 17 
26 5 1 50 49 
30 5 2 91 90 
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APPENDIX L. OBSERVED AND CALCULATED STRUCTURE FACTOR AMPLITUDES 
FOR Nag.gZr^Cl^gSe 
300 
H . 0 7 -6 45 44 2--13 
K L Fo Pc 8-•16 82 79 2-•12 
0--18 75 73 8-•14 135 135 2-•11 
0-•16 105 103 8-•12 59 60 2 -9 
0-•10 234 231 8 -8 70 74 2 -7 
0 -8 718 720 8 -6 177 176 2 -5 
0 -6 82 82 8 -4 123 130 2 -4 
0 -4 246 245 8 0 230 234 2 -3 
0 -2 309 307 8 10 57 63 2 -1 
1-•18 70 61 9 -6 190 193 2 8 
1-•16 153 151 9 -2 119 123 2 15 
1-•14 70 62 9 8 49 52 3-•15 
1-•12 135 140 9 14 57 53 3-•14 
1 -8 407 411 10--12 129 131 3--13 
1 -6 50 52 10 -6 127 134 3-•12 
1 -4 149 147 10 -4 277 281 3-•10 
1 —2 43 42 10 -2 92 99 3 -9 
1 10 56 53 11-•14 75 76 3 -6 
2-•16 197 203 11-•12 103 97 3 -5 
2-•14 123 129 11 -4 58 60 3 -4 
2-•12 206 209 11 -2 124 126 3 -3 
2-•10 100 99 12-•12 145 143 3 -2 
2 -8 300 300 12-•10 169 170 3 -1 
2 —6 185 189 12 -6 64 58 3 0 
2 -4 134 130 12 -4 90 90 3 11 
2 -2 257 255 12 8 61 51 4-•13 
2 0 297 301 IS­•10 114 116 4 -5 
3-•16 120 119 IS -2 122 121 4 -4 
3-•14 92 98 14-•10 76 84 4 -3 
3-12 293 288 14 -8 154 166 4 -2 
3-•10 147 150 14 -2 116 119 4 -1 
3 -8 172 176 14 0 208 209 5-•16 
3 -6 126 127 15 -6 160 160 5-•14 
3 -4 357 348 15 -2 111 112 5-•13 
3 -2 56 57 16 -8 128 132 5-•12 
4-•14 93 98 16 -6 72 71 5-•11 
4-•12 182 179 16 -4 72 62 5-•10 
4-•10 62 65 16 -2 53 48 5 -9 
4 -8 111 111 16 0 98 98 5 -8 
4 -6 189 187 17 -6 116 113 5 -7 
4 -4 893 885 17 -2 54 43 5 -6 
4 0 284 291 18 -4 107 108 5 -5 
5-•12 157 156 18 -2 74 77 5 -4 
5-•10 115 117 5 -3 
5 -8 62 61 H . 1 5 -2 
5 -6 87 85 K L Fo Fc 5 -1 
5 -4 189 189 0-•10 46 51 5 0 
5 -2 213 212 0 -8 84 76 6-•17 
5 16 67 71 0 -2 52 50 6-•16 
6-•12 158 156 1-•15 76 79 6-•13 
6-•10 55 49 1-•13 96 93 6-•12 
6 -8 82 87 1-•12 52 56 6-•11 
6 -4 119 123 1 -9 204 209 6 -9 
6 -2 74 71 1 -7 264 271 6 -8 
6 0 291 295 1 -6 134 135 6 -7 
7-•16 120 118 1 -5 253 252 6 -5 
-7-•14 137 131 1 -3 204 204 6 -4 
7-•12 60 58 1 -2 76 71 6 -3 
7-•10 147 149 1 -1 385 381 7-•16 
7 -8 234 230 2-•17 152 150 7-•15 
251 7--11 104 103 15 -7 158 165 
77 7-•10 169 175 15 -1 92 79 
75 7 -9 139 147 16 -7 59 18 
183 7 -8 240 239 17 -7 85 88 
104 7 -7 67 65 17 -5 85 90 
158 7 -6 104 100 18 -3 138 131 
109 7 -5 48 37 18 -1 103 106 
39 7 -2 197 200 
39 7 -1 181 182 H - 2 
45 7 0 464 457 K L Fo Fc 
57 8 -9 120 124 0--18 69 65 
82 8 -7 160 158 0--14 154 156 
82 8 -6 152 148 0--12 102 99 
106 8 -2 144 146 0 -8 77 73 
104 8 -1 281 288 0 -6 374 372 
72 9--14 127 136 0 -4 109 115 
105 9-•13 96 96 0 -2 142 141 
176 9 -9 83 73 0 0 384 376 
333 9 -8 148 145 1--18 92 91 
435 9 -7 127 121 1--14 119 119 
219 9 -6 163 165 1-•10 88 88 
164 9 -5 158 160 1 -8 177 181 
176 9 -3 74 69 1 -6 52 54 
40 9 -2 92 93 1 -4 55 56 
49 9 -1 176 174 1 -3 41 34 
68 9 0 189 193 1 -2 36 36 
204 9 12 58 56 1 -1 52 48 
43 10--13 105 106 2-•16 63 58 
259 10-•12 63 58 2-•14 82 75 
145 10 -8 56 47 2-• 13 73 68 
48 10 -7 169 171 2-•10 99 102 
84 10 -3 131 131 2 -6 207 207 
42 10 -1 79 82 2 -5 45 42 
89 10 4 56 46 2 -4 156 157 
144 11-•14 84 81 2 -2 237 236 
167 11-•12 63 76 2 0 120 114 
210 11-•11 177 182 3-•15 58 47 
153 11 -6 110 110 3-•14 124 125 
77 11 -4 148 152 3-•12 115 116 
42 11 -3 106 108 3--10 162 170 
99 11 -2 69 66 3 -8 48 40 
228 11 1 56 52 3 -6 64 68 
289 11 9 47 28 3 -4 184 181 
375 12-•13 71 68 3 -3 44 50 
280 12-•11 65 53 3 -1 42 41 
155 12-•10 54 57 4-•11 137 136 
54 12 -6 59 56 4-•10 207 208 
166 12 -5 123 121 4 -9 59 50 
69 12 -3 140 135 4 -8 112 111 
95 12 -2 104 98 4 -5 125 130 
93 13-•11 77 73 4 -4 276 272 
117 13-•10 60 59 4 -3 182 181 
184 13 -9 144 143 4 -2 192 190 
136 13 -1 134 138 4 -1 80 72 
73 13 2 51 20 4 0 148 154 
59 14-•11 94 97 4 7 46 46 
101 14 -7 106 113 4 17 60 21 
112 14 -5 52 43 5-•17 74 75 
81 14 -3 168 165 5-12 106 107 
66 14 -1 125 121 5-11 57 56 
247 
83 
72 
184 
105 
158 
108 
43 
43 
45 
52 
79 
80 
107 
105 
67 
108 
180 
340 
435 
224 
166 
175 
45 
48 
66 
203 
41 
263 
149 
48 
70 
53 
86 
132 
166 
208 
151 
80 
50 
96 
224 
289 
380 
279 
152 
60 
173 
65 
94 
93 
115 
184 
134 
73 
62 
100 
115 
89 
68 
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5 -7 49 45 11 -5 87 98 2 -8 
5 -4 123 125 11 -4 94 92 2 -5 
5 -2 84 86 11 -3 115 123 2 -4 
5 -1 69 69 11 -1 86 81 2 -3 
6--17 96 85 11 8 57 51 2 15 
6--16 57 31 11 10 52 47 3-17 
6--12 94 93 12--11 123 120 3--13 
6--11 97 90 12 -7 56 53 3--11 
6 -9 203 205 12 -6 156 163 3--10 
6 -8 77 82 12 -15 103 105 3 -9 
6 -6 47 50 12 -4 125 132 3 -7 
6 -4 74 76 12 -3 177 176 3 -6 
6 -3 79 81 12 -2 110 111 3 -5 
6 -2 137 131 12 -1 70 73 3 -4 
6 -1 164 164 13--10 165 168 3 -3 
6 0 210 213 13 -6 139 145 3 -2 
7--16 73 76 13 -2 256 260 3 -1 
7--14 137 141 13 -1 52 51 3 0 
7-•10 107 111 13 11 56 30 3 16 
7 -9 55 56 14-•10 143 147 4--14 
7 -8 187 186 14 -9 85 87 4--13 
7 -6 96 97 14 -4 109 107 4--12 
7 -3 58 64 14 -2 54 57 4--11 
7 -2 56 60 14 -1 68 72 4 -5 
7 -1 149 148 14 0 64 59 4 -4 
7 15 77 65 15 -8 64 61 4 -3 
8--15 117 111 15 -6 58 53 4 -1 
8--14 79 75 15 -1 72 72 4 6 
8-•10 70 68 16 -2 166 161 4 10 
8 -9 141 146 17 -6 185 182 5-•17 
8 -8 120 123 17 -2 171 167 5 -9 
8 -7 262 268 18 -3 66 47 5 -7 
8 -6 52 58 18 -1 69 67 5 -5 
8 -4 127 126 5 -4 
8 -3 66 68 B . 3 5 -1 
8 -2 83 82 K L Fo Pc 5 8 
8 -1 246 249 0-•14 108 108 6-•14 
8 0 296 296 0-•10 94 87 6-•13 
9-•13 62 67 0 -8 142 143 6-•12 
9 -8 87 95 0 -6 51 60 6-•11 
9 -6 190 197 0 -4 85 84 6 -9 
9 -3 87 89 0 -2 71 71 6 -8 
9 -2 165 166 1-•16 67 59 6 -3 
9 5 58 46 1- 15 56 55 6 10 
9 12 61 52 1-•13 192 193 7-•15 
9 14 62 61 1-•11 60 58 7-•11 
10-•15 94 90 1 -7 94 92 7 -7 
10-•14 111 116 1 -6 91 89 7 -5 
10-13 157 157 1 -5 267 271 7 -4 
10 -8 117 121 1 -4 56 52 7 -3 
10 -7 133 134 1 -3 165 169 7 -2 
10 -6 67 64 1 -2 58 53 7 0 
10 -5 261 262 1 -1 90 90 7 1 
10 -4 112 122 1 0 178 178 7 12 
10 -3 104 113 2-17 119 111 8-•10 
10 -1 86 92 2-16 56 42 8 -9 
10 0 159 161 2-•13 130 130 8 -8 
11-•12 121 119 2-•12 65 60 8 -7 
11 -7 60 54 2-•11 87 89 8 -1 
11 -6 76 78 2 -9 78 83 8 13 
135 9 -9 128 123 16 -1 112 114 
65 9 -8 66 69 17 -5 76 65 
134 9 -7 143 143 17 -3 81 81 
44 9 -5 194 197 17 -1 124 121 
66 9 -3 116 119 18 -1 87 89 
74 9 -2 81 85 
65 9 -1 196 198 H » 4 
154 9 0 139 143 K L Fo Fc 
46 9 6 48 40 0--14 125 118 
151 9 13 75 73 0--12 127 135 
66 10--15 80 67 0--10 55 45 
128 10--13 114 115 0 -8 172 175 
98 10 -7 158 165 0 -6 343 347 
165 10 -6 121 118 0 -4 346 351 
165 10 -3 132 132 0 -2 237 230 
40 10 -2 78 71 0 0 377 364 
188 10 -1 144 143 1--14 84 87 
108 11--13 109 102 1--13 85 86 
50 11-•11 89 90 1-• 12 86 87 
67 11 -8 72 73 1--10 75 84 
61 11 -7 168 161 1 -8 89 85 
95 11 -5 174 169 1 -3 47 29 
46 11 -4 52 44 1 4 42 44 
81 11 -2 48 33 2-• 14 63 71 
141 11 -1 65 60 2-•12 58 50 
142 11 0 116 114 2-•10 122 125 
59 12-•13 79 89 2 -9 150 150 
44 12-•12 71 63 2 -8 53 46 
67 12-• 10 63 64 2 -7 179 178 
98 12 -9 77 69 2 -6 120 122 
292 12 -5 196 195 2 -5 92 94 
147 12 -4 58 51 2 -4 228 226 
56 12 -3 183 181 2 -2 199 193 
117 12 -1 81 87 2 -1 226 230 
315 12 2 73 56 2 0 97 92 
40 12 7 56 43 2 3 52 53 
52 13-•11 103 103 3-•16 77 77 
83 13-•10 65 58 3-•15 70 55 
80 13 -7 59 62 3-•14 99 93 
75 13 -6 76 76 3-13 83 79 
125 13 -5 200 202 3-•12 167 164 
77 13 -4 66 50 3-•11 68 64 
125 13 -3 209 214 3-•10 86 85 
50 13 -2 72 71 3 -9 100 102 
106 14-•11 97 99 3 -8 123 128 
65 14-•10 87 93 3 -7 76 72 
170 14 -7 120 108 3 -6 67 68 
104 14 -5 78 72 3 -4 141 144 
60 14 -3 161 164 3 -3 102 105 
51 14 -2 107 108 3 -1 67 65 
59 14 -1 122 120 4-•17 72 68 
177 15 -9 165 165 4-15 62 66 
31 15 -5 74 71 4-13 60 67 
41 15 -3 167 159 4- 12 67 73 
39 15 -1 124 123 4-•10 176 175 
142 15 2 55 57 4 -9 103 111 
141 16 -7 69 63 4 -8 145 146 
132 16 -6 111 108 4 -7 60 53 
217 16 -5 73 69 4 -6 57 40 
66 16 -2 60 65 4 -5 227 223 
126 
64 
136 
46 
76 
67 
57 
146 
49 
155 
66 
125 
101 
165 
165 
42 
185 
113 
57 
81 
67 
92 
55 
85 
139 
142 
62 
52 
64 
91 
286 
148 
50 
120 
317 
52 
58 
79 
74 
79 
120 
76 
12.5 
59 
106 
63 
171 
103 
67 
54 
58 
171 
43 
52 
59 
142 
140 
124 
220 
66 
232 
56 
80 
49 
65 
78 
117 
171 
55 
58 
95 
59 
143 
151 
124 
109 
211 
309 
314 
45 
289 
106 
91 
46 
100 
97 
75 
159 
122 
112 
103 
44 
84 
89 
127 
92 
166 
160 
135 
78 
78 
121 
59 
83 
91 
226 
291 
45 
73 
80 
186 
187 
123 
47 
41 
46 
72 
302 
10--11 139 138 1--11 57 58 5 -4 412 420 11 13 61 52 
10 -9 64 62 1--10 87 86 5 -3 255 254 12 -3 53 45 
10 -8 174 168 1 -9 234 236 5 -2 147 149 12 -2 99 101 
10 -7 150 157 1 -8 222 223 5 -1 194 192 12 10 70 71 
10 -6 65 70 1 -7 318 321 5 0 110 118 13--11 98 86 
10 -4 155 150 1 -5 66 67 6-•14 64 62 13 -9 101 95 
10 -3 97 100 1 -4 146 150 6-•13 74 75 13 -8 80 82 
10 -1 214 215 1 -3 61 64 6-•12 61 50 13 -6 53 38 
10 0 229 230 1 -2 61 60 6-•11 77 82 13 -3 54 53 
10 ,2 69 58 1 -1 497 493 6-•10 135 133 13 -2 64 59 
10 13 68 63 1 0 680 681 6 -9 127 129 13 -1 92 89 
11-•12 63 75 2--17 113 123 6 -8 93 91 13 0 111 109 
11 -8 79 75 2--13 176 177 6 -6 65 64 14 -7 66 62 
11 -7 78 78 2--12 76 67 6 -3 146 144 14 -6 57 69 
11 -6 53 42 2--11 66 71 6 -2 77 83 14 -5 72 71 
11 -5 50 27 2--10 65 59 6 1 42 19 14 -3 111 109 
11 -4 61 56 2 -9 173 176 7--16 86 90 15 -7 97 89 
11 -3 128 124 2 -8 85 92 7-•15 66 59 15 -2 81 71 
11 -2 63 59 2 -7 137 139 7-•14 98 94 15 1 67 57 
11 9 50 40 2 -6 72 71 7-•12 149 147 16 -6 132 129 
12-•10 74 73 2 -5 189 189 7-•11 85 89 16 -2 73 73 
12 -9 99 100 2 -4 90 91 7-•10 61 50 17 2 62 46 
12 -7 71 66 2 -2 48 37 7 -7 66 63 
12 -6 121 126 2 1 57 42 7 -6 171 176 H > 6 
12 -5 86 85 2 3 44 32 7 -5 53 54 K L Fo Fc 
12 -4 69 64 3-•16 112 115 7 -4 225 222 0^ -16 162 162 
12 -1 85 81 3-•15 104 99 7 -2 63 61 0--14 64 66 
12 0 52 58 3-•14 68 50 7 0 135 135 0^ -12 75 81 
13-•10 112 112 3-•13 91 98 8 -9 117 123 0-•10 111 111 
13 -6 106 110 3-•12 61 59 8 -8 122 122 0 -8 376 384 
13 -5 70 63 3-•11 77 84 8 -7 81 84 0 -6 123 126 
13 -2 168 167 3-•10 137 135 8 -6 59 64 0 -4 88 89 
14 -8 76 73 3 -8 247 246 8 -1 117 117 0 -2 145 146 
14 -7 97 101 3 -7 79 83 8 12 53 55 0 0 532 528 
14 0 83 84 3 -6 59 49 9-•13 96 88 1-•17 96 95 
14 3 52 46 3 -5 251 248 9-•12 85 84 1-•16 65 55 
14 4 67 51 3 -4 281 280 9-•10 66 67 1-• 13 159 160 
15 -7 63 63 3 -3 270 273 9 -9 89 90 1-•12 124 124 
15 -3 60 70 3 -2 196 198 9 -8 79 75 1-•11 82 76 
15 -2 60 52 3 0 381 381 9 -6 65 61 1 -9 100 107 
15 -1 84 82 4-•16 94 96 9 -5 177 178 1 -8 60 59 
15 6 62 48 4-•14 64 62 9 -4 146 146 1 -7 71 72 
16 -2 68 65 4-•13 86 85 9 -3 107 112 1 -6 47 45 
16 7 55 34 4-•12 202 203 9 -2 109 104 1 -5 108 106 
17 -5 63 56 4 -9 64 69 9 -1 62 67 1 -4 111 104 
17 -3 67 75 4 -8 118 127 9 0 161 157 1 -3 40 13 
17 -2 85 84 4 -5 122 127 10-•14 68 65 2-•16 79 80 
4 -4 225 227 10 -7 101 103 2-• 14 62 68 
H . 5 4 -3 114 115 10 -6 91 91 2-•13 147 148 
K L Fo Fc 4 -2 80 79 10 -3 56 60 2- 12 113 110 
0- 16 135 141 4 -1 41 40 10 -1 147 148 2-11 80 81 
0-.14 70 66 5-•14 111 110 10 4 50 35 2 -9 154 154 
0-•12 138 142 5-•13 82 88 10 13 67 67 2 -8 193 192 
0-•10 62 66 5-•12 79 73 11- 11 121 120 2 -7 121 119 
0 -8 364 374 5-11 122 123 11-•10 114 112 2 -6 120 119 
0 -4 153 150 5 -9 112 109 11 -8 71 76 2 -5 368 364 
0 -2 67 61 5 -8 59 63 11 -6 56 49 2 -4 328 325 
1-•17 61 47 5 -7 68 79 11 -3 107 103 2 -3 299 294 
1-•15 110 117 5 -6 157 159 11 0 66 69 2 -2 104 112 
1-•12 74 76 5 -5 251 257 11 5 60 53 2 -1 210 210 
310 
63 
54 
83 
58 
101 
72 
82 
67 
66 
63 
156 
138 
53 
82 
48 
43 
180 
151 
75 
90 
328 
265 
81 
149 
57 
78 
115 
88 
117 
149 
123 
44 
37 
49 
48 
241 
70 
89 
92 
60 
254 
200 
57 
90 
123 
141 
105 
106 
204 
45 
56 
73 
184 
62 
117 
77 
122 
57 
50 
303 
9-•13 86 89 1 5 87 91 8 -6 85 82 2-•12 83 80 
9-•12 77 81 1 -4 82 78 8 -2 131 132 2-•10 101 97 
9 -9 57 66 1 -1 56 58 8 -1 78 75 2 -9 67 65 
9 -4 68 73 1 0 203 207 9-•14 178 184 2 -7 53 49 
9 -3 83 84 2-•13 76 86 9 -8 133 128 2 -6 100 103 
9 -2 77 78 2-•12 67 69 9 -6 221 214 2 -5 134 142 
9 7 61 58 2-•10 69 69 9 -5 55 39 2 -2 95 100 
10-•13 81 81 2 -9 64 61 9 -4 73 72 2 0 66 64 
10-•12 82 87 2 -5 87 87 9 -2 92 93 3-•13 63 55 
10-•11 133 131 2 -4 81 78 9 0 137 141 3-•12 64 43 
10 -5 123 123 2 -2 50 38 10-•10 70 68 3-•10 56 47 
10 -1 78 81 2 8 52 42 10 -7 60 50 3 -9 52 58 
11-•10 72 76 3-• 14 72 65 10 -6 132 132 3 -8 82 80 
11 -7 88 85 3-•12 68 70 10 -5 107 112 3 -4 95 93 
11 -5 75 76 3-•11 73 72 10 -4 65 48 3 -3 58 54 
11 -3 142 146 3 -9 60 69 10 -3 83 81 4-•13 83 85 
11 -2 51 43 3 -8 68 67 10 -2 110 108 4--11 94 94 
11 -1 54 54 3 -6 151 150 11-•12 109 106 4-•10 106 101 
12-•12 99 101 3 -5 95 97 11 -6 172 169 4 -8 87 87 
12-•11 75 55 3 -4 303 300 11 -4 234 236 4 -6 102 102 
12-•10 63 68 3 -3 115 116 11 -2 142 140 4 -5 110 102 
12 -9 113 106 3 -1 85 81 11 0 40 4 -3 125 120 
12 -5 53 48 3 0 139 139 12-•11 69 68 4 -2 145 147 
12 -4 110 109 4-•14 96 100 12-•10 72 70 4 -1 43 19 
12 -3 60 63 4-•12 112 110 12 -6 93 88 4 0 174 174 
12 -2 88 94 4-•11 106 108 12 -3 71 70 4 4 47 52 
12 -1 73 73 4-•10 74 70 12 -2 174 167 5-•13 78 86 
12 0 132 132 4 -7 54 50 12 1 55 51 5 -9 108 94 
12 8 69 54 4 5 49 46 13-•10 157 156 5 -8 92 89 
13 -7 79 84 4 -4 135 131 13 -? 68 67 5 -5 51 46 
13 -6 79 77 4 -3 63 57 13 -4 74 69 5 15 56 51 
13 -3 71 60 4 -2 62 65 13 -2 66 68 6-•11 71 68 
13 -2 58 59 5-•12 108 106 .13 -1 58 60 6 -9 199 197 
13 -1 110 104 5-•10 187 188 14 -5 56 59 6 -8 100 101 
14-•10 72 65 5 -5 72 73 14 -3 61 65 6 -7 59 58 
14 -8 124 125 5 -4 55 46 14 -2 108 114 6 -6 86 83 
14 -7 89 96 5 -2 132 133 15 -7 78 74 6 -2 69 65 
14 -2 54 40 5 0 76 62 15 -2 57 62 6 -1 221 219 
14 0 122 125 5 8 59 58 15 1 60 49 6 10 70 64 
14 1 50 32 5 9 51 44 15 4 60 51 6 14 69 65 
14 4 69 57 6-•14 67 57 16 -2 111 116 7-• 12 63 57 
14 5 65 38 6-•13 65 40 7-•11 58 50 
15 -3 72 66 6-•10 87 83 H . 8 7 -7 106 106 
15 -2 81 78 6 -9 124 124 K L Fo Fc 7 -6 72 69 
15 -1 62 57 6 -8 117 113 0-•14 103 97 7 -3 86 86 
16 -6 101 101 6 -6 97 96 0-•10 56 46 7 -1 113 115 
16 -4 83 82 6 -2 74 82 0 -6 105 104 8 -9 93 96 
16 -1 58 46 6 -1 147 144 0 -4 127 125 8 -7 191 190 
16 0 112 117 7-•10 161 158 0 -2 149 144 8 -6 81 81 
17 -3 90 89 7 -8 242 243 0 0 53 50 8 -4 90 93 
17 -2 78 75 7 -7 128 127 1-•15 64 54 8 -2 65 66 
7 -6 58 64 1-•13 84 86 8 -1 157 155 
H . 7 7 -4 69 70 1-•12 55 57 8 0 48 39 
K L Fo Pc 7 -2 216 214 1-•11 72 73 9-•13 118 112 
0-•14 120 118 7 -1 113 113 1 -9 54 42 9-• 10 55 30 
0-•10 101 101 7 0 386 393 1 -8 85 82 9 -9 101 99 
0 -8 195 193 8-•12 66 61 1 -5 46 37 9 -5 63 68 
1-•14 62 57 8 -9 61 58 1 -4 83 78 9 -2 89 86 
1-•10 54 52 8 -8 106 105 2-•14 75 75 9 1 51 52 
1 -6 101 98 8 -7 111 114 2- 13 93 92 9 4 54 54 
304 
10 -8 76 81 3-14 56 50 9 0 
10 -6 68 65 3-13 85 80 10-•10 
10 -5 229 229 3-11 82 80 10 -9 . 
10 -3 132 135 3-10 64 61 10 -7 
10 -2 65 62 3 -9 126 129 10 -6 
10 0 101 105 3 -8 129 125 10 -3 
10 1 54 52 3 -6 75 80 10 -2 
11--11 71 80 3 -5 147 142 10 -1 
11 -7 134 137 3 -4 206 202 11--10 
11 -5 98 105 3 -3 172 168 11 -8 
11 -3 186 188 3 -1 69 80 11 -7 
11 -1 133 138 3 0 199 198 11 -4 
11 8 54 41 3 12 55 60 11 -2 
12--10 59 49 4-15 78 64 11 -1 
12 -8 57 44 4-14 102 102 11 0 
12 -6 100 94 4-13 81 79 12 -8 
12 -5 59 52 4-12 95 95 12 -6 
12 -3 142 140 4-10 73 71 12 -4 
12 4 65 49 4 -9 59 52 12 -2 
12 7 56 54 4 -8 119 123 13 -8 
13 -9 78 65 4 -7 65 69 13 -6 
13 -6 90 86 4 -5 83 82 13 -5 
13 -5 69 66 4 -4 73 69 13 -3 
13 -2 70 68 5-10 60 54 14 -6 
14 -6 97 97 5 -9 100 98 14 -5 
14 -4 119 121 5 -7 118 116 14 -2 
14 -2 157 164 5 -5 95 88 15 -3 
14 -1 78 87 5 -4 99 97 15 -1 
15 -5 107 106 5 -2 52 57 
15 -3 144 151 5 -1 191 187 H • 
15 -1 153 146 5 0 49 49 K L 
16 0 57 49 5 6 48 44 0-10 
16 2 69 66 6-14 69 64 0 -2 
6 -6 64 72 0 0 
H . 9 6 -5 96 95 1-•13 
K L Fo Pc 6 -3 114 112 1-•11 
0-•14 131 133 6 -2 54 67 1 -9 
0-•12 112 116 7-12 108 103 1 -8 
0-•10 99 100 7-11 100 92 1 -7 
0 -8 85 79 7 -8 84 84 1 -6 
0 -6 53 56 7 -6 74 76 1 -5 
0 -4 87 77 7 -4 257 249 1 -2 
0 2 47 24 7 -3 137 141 2 -9 
1--13 114 112 7 -1 85 85 2 -8 
1-•12 56 35 7 0 188 188 2" -7 
1--11 115 112 8-12 99 102 2 -5 
1-•10 65 60 8-11 84 81 2 -3 
1 -9 79 87 a -9 87 87 2 -2 
1 -Ô 89 83 8 -8 115 115 2 -1 
1 -7 118 115 8 -6 64 52 2 0 
1 -6 102 99 8 -5 73 64 2 10 
1 -5 227 230 8 -4 92 85 3-•13 
1 -4 120 117 8 -2 79 72 3-•11 
1 -3 209 207 9-12 94 92 3 -9 
1 -1 101 94 9-10 95 100 3 -8 
1 0 153 151 9 -9 136 142 3 -7 
2--13 56 48 9 -8 54 50 3 -4 
2 -5 71 55 9 -4 65 56 3 -3 
2 -1 53 48 9 -2 64 57 3 -2 
2 9 54 34 9 -1 143 136 4-•13 
122 4 -9 140 139 1 -8 154 161 
77 4 -7 197 197 1 -7 115 113 
70 4 -5 73 70 1 5 187 183 
74 4 -4 51 49 1 -4 267 262 
94 4 -3 89 88 1 -3 181 178 
12 4 -1 221 215 1 -1 120 126 
108 4 12 71 62 1 0 211 211 
127 5--13 130 126 2--11 57 59 
65 5-•12 93 90 2-•10 63 50 
139 5 -9 162 163 2 -5 63 52 
135 5 -5 79 76 2 -3 76 76 
61 5 -4 78 70 2 -2 89 89 
62 5 -1 57 52 3-•12 84 80 
126 6--13 147 148 3--11 116 115 
233 6--12 61 46 3 -9 97 101 
88 6--11 92 90 3 -8 206 201 
92 6 -8 55 50 3 -7 91 92 
50 6 -7 72 77 3 -4 181 176 
119 6 -5 313 315 3 -3 134 131 
73 6 -4 171 169 3 -1 124 119 
80 6 -3 268 264 3 0 358 349 
104 6 -1 49 38 4--12 111 113 
65 7 -7 99 101 4-•10 54 51 
69 7 -3 103 103 4 -8 179 176 
59 7 -1 85 81 4 -4 62 65 
90 8--11 153 150 5-•12 70 62 
86 8-•10 57 49 5 -9 94 90 
54 8 -5 177 179 5 -6 93 93 
8 -3 187 188 5 -4 124 125 
9 -8 55 54 5 -1 84 79 
Pc 9 -4 48 13 5 0- 125 117 
81 9 -2 85 77 6-•10 64 52 
71 10--11 126 124 6 -7 74 77 
124 10 -9 119 125 6 -6 139 134 
149 10 -8 64 58 6 -2 131 133 
47 10 -1 119 121 6 -1 105 107 
138 10 0 89 83 7--12 91 92 
95 10 3 57 52 7 -7 68 66 
100 10 6 58 47 7 -6 65 60 
44 11 -7 70 72 7 -4 240 240 
134 11 -6 62 54 7 -3 50 27 
63 11 -3 75 85 7 -2 52 48 
244 11 -1 85 82 7 0 51 52 
72 12 -7 77 72 7 9 58 49 
219 12 -1 102 95 8 -4 62 65 
183 13 -6 63 61 8 -2 74 70 
166 13 -3 63 61 8 8 66 55 
80 13 1 60 57 9--10 97 99 
400 14 2 62 59 9 -7 53 51 
171 9 -4 71 65 
55 H > 11 9 -2 60 54 
73 K L Fo Fc 9 -1 59 67 
85 0- 12 216 224 9 0 61 58 
89 0 -8 141 138 10 -3 80 91 
53 0 -6 64 56 10 -2 85 77 
91 0 -4 147 146 11 -8 85 90 
50 1- 13 102 106 11 -5 68 61 
105 1- 12 60 50 11 -2 77 78 
74 1- 11 104 104 11 -1 58 46 
52 1 -9 63 63 11 0 153 152 
128 
77 
68 
71 
95 
48 
109 
119 
64 
132 
127 
60 
70 
126 
234 
81 
100 
56 
125 
73 
81 
110 
66 
66 
64 
100 
68 
65 
10 
Ko 
87 
70 
128 
150 
61 
139 
91 
101 
51 
134 
61 
245 
67 
222 
186 
164 
87 
405 
164 
61 
75 
79 
91 
58 
90 
51 
104 
63 
62 
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12 -6 85 93 8 -9 71 73 
12 -2 85 90 8 -6 92 95 
13 -5 67 60 8 -1 77 85 
13 -3 70 62 8 4 56 43 
8 7 70 62 
H . 12 9 -9 66 70 
K L Fo Pc 9 -6 66 53 
0- 12 73 74 9 -5 77 86 
0 -8 69 71 9 -2 73 77 
0 -6 82 81 10 -7 69 56 
0 -4 134 129 10 -5 66 76 
1--12 59 17 10 -3 74 64 
1 -9 72 72 10 0 69 87 
1 -8 65 65 10 8 62 63 
1 -5 85 85 11 -7 78 80 
1 -2 49 36 11 -3 64 68 
2--12 80 73 11 -2 73 76 
2-.10 56 50 11 -1 94 94 
2 -9 88 87 12 -4 74 91 
2 -6 59 36 12 -3 59 59 
2 -5 184 179 12 2 54 46 
2 -4 169 174 
2 -3 147 141 H - 13 
2 -1 113 122 K L Fo Pc 
2 0 71 68 0--10 83 79 
3--12 71 60 0 -4 53 42 
3--11 61 50 1 -4 79 83 
3 -9 62 59 1 5 51 26 
3 -4 59 64 1 6 61 44 
3 3 67 61 1 10 57 40 
4-•12 75 74 3 -6 67 71 
4--10 109 105 3 -4 51 47 
4 -8 87 93 3 0 79 86 
4 -5 63 68 3 8 63 45 
4 -4 50 36 4 -8 78 80 
4 -3 56 56 5-•10 86 90 
4 -2 79 84 5 -2 98 97 
4 0 126 129 5 0 122 136 
5 -9 107 110 5 4 57 46 
5 -8 56 64 6-•10 65 50 
5 -5 65 64 6 -7 62 55 
5 -2 70 64 6 -6 71 73 
5 -1 87 86 6 -2 74 70 
5 6 55 53 6 -1 64 59 
5 7 55 42 7 -8 140 143 
6 -9 96 102 7 -6 65 72 
6 -8 138 133 7 -2 99 96 
6 -7 88 85 7 0 141 148 
6 -6 69 48 7 4 53 49 
6 -5 64 57 8 -4 65 64 
6 -4 51 16 9 -6 164 165 
6 -2 63 60 9 -4 99 101 
6 -1 158 158 9 -2 120 117 
6 0 216 215 9 -1 64 59 
7 -8 60 59 9 0 93 98 
7 -7 78 79 9 5 56 48 
7 -6 61 47 10 -6 78 78 
7 -3 76 79 10 -3 83 90 
7 -2 74 79 10 -2 107 124 
8- 10 69 62 11 -4 151 157 
11 2 75 68 7 -3 59 62 
8 -2 83 78 
H . 14 
K L Fo Pc H . 16 
0--10 116 121 K L Fo Pc 
0 -2 104 100 0 -6 68 66 
0 0 94 98 0 -4 258 264 
0 6 56 37 0 0 107 117 
0 8 63 62 1 -5 64 83 
1 -5 56 58 2 -1 129 141 
l--10 84 82 4 -4 95 99 
2 -9 69 64 4 -1 89 99 
2 -6 81 80 4 0 187 201 
2 -5 146 148 4 3 57 44 
2 -4 68 67 5 -2 64 70 
2 -3 85 88 5 -1 76 65 
2 -2 107 113 
2 -1 57 45 
4 -6 85 92 
A -5 141 145 
4 -4 104 100 
4 -3 121 128 
5 -9 87 82 
5 -8 66 61 
5 -3 61 58 
6 -1 140 140 
6 0 58 55 
6 2 54 52 
6 6 59 59 
6 7 82 67 
7 -3 54 56 
7 7 59 41 
8 -4 76 79 
8 -3 70 77 
8 -1 130 134 
8 0 98 95 
9 -5 58 53 
10 3 62 48 
H . 15 
K L Pc Pc 
0 -4 66 68 
1 -7 103 105 
1 -4 101 92 
1 -1 181 188 
1 0 75 62 
1 8 61 65 
2 -7 64 67 
2 -3 65 61 
3 -8 155 159 
3 -5 141 141 
3 -4 71 68 
3 -3 136 137 
3 0 243 247 
5 -6 79 82 
5 -5 83 91 
6 -2 66 53 
6 6 59 47 
7 -5 65 62 
7 -4 198 208 
306 
APPENDIX M. OBSERVED AND CALCULATED STRUCTURE FACTOR AMPLITUDES 
FOR 
307 
B - 0 6 4 126 119 14 3 
K L Po Fc 6 5 87 89 14 6 
0 4 203 168 6 6 182 175 
0 6 136 148 6 7 137 136 H . 
0 8 137 129 6 9 77 78 K L 
0 10 142 141 6 11 93 92 0--11 
0 12 55 44 6 12 56 43 0 -9 
1 2 54 56 6 13 107 109 0 -7 
1 4 176 168 6 14 103 102 0 -5 
1 5 302 284 7 1 46 60 0 -3 
1 7 74 87 7 3 124 133 0 -1 
1 8 304 310 7 4 172 171 0 1 
1 9 63 77 7 6 180 176 0 3 
1 10 88 87 7 7 211 207 0 5 
1 11 105 111 7 8 59 51 0 7 
2 2 170 196 7 9 57 43 1-•15 
2 3 220 215 7 10 98 99 1-•14 
2 5 106 106 7 11 78 80 1--13 
2 6 128 137 7 12 107 110 1--12 
2 8 98 88 8 0 53 45 1 -9 
2 9 184 186 8 1 321 330 1 -8 
2 10 65 57 8 2 124 121 1 -6 
2 11 89 87 8 3 57 53 1 -5 
2 12 138 140 8 4 97 102 1 -4 
2 13 120 125 a 5 101 105 1 -2 
2 15 70 68 8 6 68 66 1 0 
3 2 210 212 8 7 99 97 1 2 
3 3 370 389 8 11 95 97 1 4 
3 4 258 258 8 13 58 52 1 5 
3 6 55 59 . 9 1 62 71 1 6 
3 7 159 167 9 2 171 177 1 8 
3 8 90 89 9 3 74 68 1 9 
3 9 106 101 9 4 100 98 1 11 
3 11 82 85 9 5 60 37 1 13 
3 12 108 112 9 6 94 96 2-•14 
3 14 113 118 9 7 54 51 2-•10 
4 0 155 132 9 8 66 49 2 -9 
4 1 228 226 9 9 92 95 2 -8 
4 2 58 72 10 0 98 96 2 -7 
4 3 355 358 10 1 117 117 2 -5 
4 4 426 421 10 2 68 68 2 -4 
4 5 191 192 10 7 81 83 2 1 
4 6 128 117 10 10 197 185 2 3 
4 7 125 128 11 1 93 102 2 4 
4 8 79 81 11 2 84 90 2 5 
4 9 91 95 11 4 59 53 2 8 
4 13 61 53 11 5 57 25 2 10 
5 1 255 244 11 6 98 94 2 11 
5 2 143 148 11 7 94 98 2 12 
5 4 154 156 11 8 86 87 3- 14 
5 5 192 203 11 9 66 68 3-•13 
5 6 59 59 12 2 149 152 3-•12 
5 8 123 120 12 3 84 86 3-•10 
5 9 59 53 12 4 71 72 3 -9 
5 10 59 59 12 7 111 113 3 -8 
5 11 66 63 12 9 56 13 3 -7 
6 0 76 89 13 2 117 120 3 -6 
6 1 45 43 13 4 60 42 3 -5 
6 2 111 123 13 6 93 103 3 -4 
6 3 91 88 13 8 61 57 3 -3 
107 3 -1 58 59 7 -12 65 69 
74 3 0 291 304 ? •  -10 58 60 
3 1 71 64 7 -9 90 88 
3 3 130 134 7 -7 66 60 
Fc 3 4 68 62 7 -5 51 36 
47 3 6 105 113 7 -4 116 120 
137 3 7 56 32 7 -3 124 124 
162 3 9 136 134 7 -1 62 55 
176 3 11 55 44 7 0 65 69 
183 3 13 66 56 7 2 56 51 
180 4--14 57 35 7 4 78 79 
229 4--12 76 82 7 6 63 54 
368 4--11 69 58 7 7 148 143 
122 4 -9 56 49 7 10 81 77 
44 4 -7 95 94 7 12 69 59 
72 4 -6 88 85 8-10 53 33 
51 4 5 196 204 8 -8 139 136 
83 4 -4 123 125 8 -4 58 37 
48 4 -2 114 120 8 -2 135 136 
84 4 -1 207 209 8 -1 107 115 
71 4 0 77 77 8 1 77 81 
65 4 1 52 41 8 2 174 176 
95 4 2 78 76 8 3 59 60 
230 4 4 122 123 8 7 56 44 
225 4 5 131 138 8 8 65 75 
134 4 7 125 121 9-10 63 55 
29 4 9 68 71 9 -4 59 55 
123 4 12 59 48 9 -3 212 216 
81 5-•13 67 61 9 -2 54 52 
112 5-•11 74 68 9 0 68 40 
124 5-•10 60 64 9 1 70 68 
59 5 -7 87 91 9 3 119 122 
50 5 -6 161 161 9 4 60 57 
92 5 -5 48 58 9 7 70 63 
84 5 -4 95 91 9 9 77 72 
136 5 -2 52 47 10-•11 82 81 
93 5 -1 121 123 10-•10 62 61 
106 5 0 177 190 10 -8 59 60 
76 5 1 130 130 10 -7 81 79 
56 5 2 70 65 10 -5 75 71 
95 5 4 177 166 10 -2 66 62 
155 5 5 124 117 10 0 52 37 
110 5 10 82 77 10 2 108 116 
131 6-14 87 82 10 4 65 62 
64 6-•11 93 84 10 5 83 86 
142 6 -8 62 59 10 7 61 56 
64 6 -6 144 142 10 11 63 57 
68 6 -5 62 64 11-•10 64 55 
66 6 -3 69 63 11 -6 63 61 
42 6 -1 153 151 11 -5 82 84 
52 6 0 64 59 11 -1 63 56 
60 6 1 70 66 11 1 78 81 
53 6 2 52 55 11 2 66 58 
134 6 3 96 90 11 6 57 55 
87 6 5 78 82 11 10 62 68 
46 6 6 89 89 12 -6 86 90 
27 6 8 56 55 12 -4 58 53 
98 6 9 59 52 12 -3 55 43 
52 6 12 98 95 12 -2 59 54 
63 7-•13 83 84 12 0 59 50 
106 
71 
1 
Po 
61 
138 
168 
191 
197 
151 
213 
389 
134 
55 
76 
61 
84 
60 
88 
75 
58 
96 
216 
237 
160 
41 
109 
82 
105 
128 
59 
60 
85 
81 
135 
89 
111 
81 
47 
94 
143 
117 
129 
55 
139 
59 
67 
62 
56 
59 
64 
57 
131 
88 
45 
40 
104 
42 
66 
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12 2 57 49 3 9 64 62 9 5 
12 3 56 46 4--15 64 51 9 6 
12 6 89 93 4-•12 60 54 10--10 
13 -7 101 106 4 -6 73 72 10 -7 
13 -1 76 80 4 -5 130 132 10 -4 
13 1 107 105 4 -4 128 139 10 2 
13 5 69 67 4 -3 53 49 10 3 
14 -3 62 43 4 -2 133 126 10 4 
14 -2 75 77 4 .0 58 50 10 5 
4 2 85 90 10 7 
H > 2 4 3 112 110 11 -2 
K L Fo Pc 4 4 48 38 11 -1 
0-• 12 93 91 4 8 67 57 11 0 
0 -8 175 183 4 10 111 112 11 4 
0 -6 80 73 >\ 11 59 59 12 -5 
0 -4 84 92 5-•10 110 115 12 -3 
0 -2 64 56 5 -9 54 54 12 -2 
0 0 89 93 5 -7 74 77 12 0 
0 4 100 92 5 -5 55 54 13 4 
0 6 228 238 5 -4 49 49 14 0 
1-.13 67 67 5 -3 74 83 15 0 
1--12 61 57 5 —2 46 52 
1 -7 79 76 5 1 116 123 a . 
1 -6 69 75 5 2 136 135 K L 
1 -5 75 80 5 4 60 63 0-•15 
1 -4 52 59 5 5 122 130 0-•13 
1 -3 118 130 5 7 57 57 0 -7 
1 -2 140 139 5 8 90 87 0 -5 
1 -1 103 95 6-•11 78 74 0 -3 
1 0 112 105 6 -9 52 37 0 -1 
1 1 193 191 6 -6 86 85 0 1 
1 2 98 93 6 -5 52 56 0 3 
1 10 70 70 6 -3 171 172 0 5 
1 11 96 108 6 0 91 97 0 11 
1 13 64 62 6 1 100 103 0 13 
2-•10 60 59 6 4 109 103 1-•16 
2 -7 143 141 6 9 101 104 1-•12 
2 -6 111 103 7 -8 79 84 1-•11 
2 -3 119 119 7 -6 55 46 1-•10 
2 -2 180 162 7 -5 57 63 1 -9 
2 -1 65 61 7 -1 182 179 1 -7 
2 0 82 62 7 0 69 79 1 -6 
2 1 170 167 7 2 103 100 1 -5 
2 3 46 50 7 4 73 71 1 -4 
2 4 109 101 7 6 81 75 1 -3 
2 5 151. 156 7 7 89 86 1 -1 
2 8 115 120 8-•13 58 45 1 0 
3- 11 89 78 8 -7 60 55 1 1 
3 -9 100 98 8 -6 59 50 1 2 
3 -6 55 63 8 -4 90 87 1 4 
3 -5 98 95 8 -3 67 65 1 5 
3 -4 70 69 8 2 113 114 1 7 
3 -2 121 123 8 4 85 81 1 8 
3 -1 87 78 8 5 73 73 1 9 
3 0 109 109 8 7 99 102 1 10 
"3 1 72 80 9 -6 104 111 1 14 
3 2 83 76 9 -2 76 74 2-•14 
3 3 213 201 9 0 81 86 2-•12 
3 6 71 64 9 1 57 53 2-•11 
3 7 68 80 9 2 61 63 2 -8 
2 2 -7 220 213 5 0 295 305 
60 2 -6 102 104 5 1 44 37 
31 2 5 42 22 5 3 100 96 
75 2 -4 395 413 5 4 81 87 
79 2 -3 529 501 5 5 73 64 
55 2 -1 211 228 5 6 168 165 
56 2 1 540 486 5 7 136 144 
74 2 2 434 410 5 8 158 169 
71 2 3 48 26 5 10 88 98 
70 2 4 106 101 5 13 64 71 
74 2 5 198 186 6 -9 70 59 
119 2 6 94 95 6 -8 156 164 
68 2 9 86 89 6 -7 78 84 
76 2 12 66 68 6 -5 82 87 
27 3-•14 61 51 6 -4 114 118 
57 3-13 71 71 6 -3 169 157 
57 3-•12 67 76 6 -2 335 349 
75 3-•11 102 100 6 -1 256 248 
57 3 -9 119 123 6 0 336 337 
58 3 -8 80 76 6 1 154 142 
44 3 -7 82 78 6 2 127 129 
3 -5 82 83 6 3 64 76 
3 -3 352 358 6 5 94 105 
Pc 3 -2 108 85 6 6 139 148 
164 3 1 420 395 6 7 76 65 
113 3 3 73 72 7-•13 70 65 
244 3 5 101 102 7 -9 81 80 
148 3 6 92 87 7 -8 52 66 
60 3 7 131 134 7 -7 137 141 
371 3 9 99 100 7 -6 165 162 
116 3 10 85 95 7 -5 68 73 
86 4-•13 115 115 7 -4 69 64 
238 . 4-•11 168 165 7 -3 107 114 
103 4-•10 190 190 7 -2 66 71 
181 4 -7 56 58 7 0 71 74 
85 4 -6 86 90 7 1 65 63 
136 4 -5 76 90 7 2 83 81 
58 4 -4 145 145 7 3 97 105 
54 4 -3 91 80 7 4 156 149 
105 4 -1 101 112 7 5 154 150 
296 4 1 114 99 7 6 77 88 
306 4 2 115 115 7 7 72 77 
47 4 3 47 56 7 11 63 66 
37 4 4 54 60 8 -9 139 136 
72 4 5 85 92 8 -8 87 87 
27 4 6 76 84 8 -6 122 130 
74 4 8 178 179 8 -2 127 132 
82 4 9 178 178 8 0 119 123 
98 4 11 120 125 8 2 86 89 
348 5-•15 70 67 8 4 117 119 
293 5-•12 97 95 8 5 54 40 
98 5-•11 55 46 8 6 64 74 
51 5-•10 165 163 8 7 137 139 
69 5 -9 125 126 9-•13 73 70 
150 5 -8 150 143 9-•11 109 106 
90 5 -7 58 56 9 -8 53 40 
61 5 -6 89 96 9 -7 65 65 
65 5 -5 67 73 9 -6 126 133 
71 5 -3 73 70 9 -5 183 182 
107 5 -2 271 288 9 3 210 205 
SB 
70 
57 
71 
80 
61 
65 
66 
73 
73 
73 
113 
59 
74 
54 
68 
60 
74 
64 
65 
60 
3 
Fo 
164 
115 
258 
138 
46 
368 
106 
74 
260 
97 
168 
85 
144 
54 
55 
110 
294 
296 
.48 
61 
66 
38 
55 
81 
124 
348 
298 
98 
58 
75 
145 
76 
63 
65 
69 
105 
309 
9 4 121 125 1 -7 67 63 4 0 
9 5 78 81 1 5 87 82 4 1 
9 9 111 110 1 -4 170 175 4 2 
9 11 78 82 1 -3 177 189 4 3 
10-11 68 69 1 —2 56 61 4 4 
10- 10 100 92 1 -1 45 51 4 6 
10 -6 55 48 1 0 126 121 4 7 
10 -5 210 207 1 1 105 107 4 8 
10 -4 81 81 1 2 152 142 4 10 
10 -3 107 109 1 4 108 106 5-•13 
10 -2 70 73 1 5 191 177 5-•11 
10 0 65 64 1 7 73 74 5-•10 
10 1 111 116 1 9 92 89 5 -9 
10 2 78 68 1 10 65 52 5 -7 
10 3 211 208 1 11 78 82 5 -6 
10 8 102 101 1 13 73 66 5 -4 
10 9 70 69 2--10 130 127 5 -3 
11 -6 103 109 2 -9 110 109 5 -1 
11 -4 73 72 2 -8 69 71 5 0 
11 -2 127 123 2 -7 174 175 5 1 
11 0 139 135 2 -5 161 161 5 3 
11 1 61 45 2 -3 250 245 5 5 
11 2 86 96 2 -2 74 65 5 7 
11 4 95 96 2 -1 96 88 5 8 
12 -8 68 61 2 0 186 173 5 9 
12 5 118 117 2 1 216 207 6-•12 
12 -4 58 54 2 2 96 101 6-•11 
12 -1 71 76 2 3 44 40 6-•10 
12 2 62 57 2 4 61 57 6 -9 
12 3 100 113 2 5 188 188 6 -6 
12 6 71 67 2 7 64 72 6 -3 
13 -3 66 54 2 8 77 77 6 -2 
13 2 70 63 2 10 59 60 6 0 
14 -6 68 62 3--12 76 69 6 1 
14 -3 59 30 3-.11 61 46 6 4 
14 -1 156 157 3-•10 97 96 7-•11 
14 4 74 75 3 -8 120 119 7-•10 
15 -2 81 75 3 -6 46 48 7 -9 
15 0 67 61 3 -5 153 152 7 -8 
3 -4 186 191 7 -7 
H . 4 3 -2 150 147 7 -6 
K L Po Pe 3 -1 46 36 7 -4 
0- 16 110 114 3 0 213 209 7 -3 
0- 12 98 99 3 1 88 78 7 -1 
0 -8 214 220 3 2 176 169 7 0 
0 -6 76 82 3 4 68 64 7 2 
0 -4 43 36 3 6 97 94 7 3 
0 0 220 195 3 7 85 89 7 6 
0 2 90 97 3 8 65 66 8 -9 
0 4 110 111 3 9 89 91 8 -6 
0 6 151 153 3 10 57 46 8 -5 
0 8 62 42 4-•15 67 69 8 -4 
0 10 163 173 4-•13 77 81 8 1 
0 12 72 64 4-•12 154 150 8 2 
1-•15 77 71 4 -8 63 64 8 4 
1-•14 60 44 4 -6 73 69 8 7 
1-•13 131 135 4 -5 93 95 8 11 
1-•12 57 52 4 -3 108 110 9-•13 
1-•11 65 63 4 -2 46 51 9-•11 
1 -8 111 110 4 -1 54 60 9- 10 
52 9 -4 112 115 1 8 64 75 
44 9 -3 61 66 1 11 61 50 
95 9 2 109 108 2-•12 75 71 
130 9 3 68 66 2 -9 58 58 
135 9 4 111 116 2 -7 114 124 
84 9 6 58 51 2 -6 44 47 
77 9 9 69 73 2 5 69 69 
92 10-•12 60 65 2 -4 160 163 
90 10--10 56 43 2 -3 71 72 
50 10 -9 75 73 2 0 158 150 
94 10 -7 55 45 2 1 55 46 
83 10 -6 151 153 2 3 125 130 
60 10 -4 54 44 2 5 74 75 
193 10 -2 76 77 2 7 67 66 
52 10 0 60 49 2 8 93 91 
105 10 2 95 97 3-•11 69 68 
69 10 4 104 104 3-•10 68 63 
140 10 7 72 68 3 -9 62 64 
75 10 8 65 65 3 -8 78 86 
45 11 -7 65 63 3 -5 65 59 
128 11 -6 86 77 3 -2 205 205 
138 11 5 94 97 3 1 108 103 
32 11 -3 77 82 3 6 76 69 
122 11 -2 57 48 3 7 61 63 
108 11 -1 158 165 4-•10 58 56 
56 11 0 54 51 4 -9 123 123 
82 11 3 96 95 4 -1 72 65 
43 12-•10 65 38 4 3 67 74 
92 12 -2 119 121 4 5 146 142 
145 12 0 71 69 4 6 74 77 
122 12 3 64 55 5 -7 57 59 
207 12 5 63 44 5 -4 107 106 
104 12 7 84 89 5 -3 107 108 
206 13 -2 66 59 5 -2 57 71 
150 14 5 64 57 5 -1 114 115 
35 14 -2 78 76 5 0 140 131 
79 14 3 92 74 5 11 63 68 
98 6 -8 128 134 
119 H . 5 6 -6 58 57 
78 K L Po Pc 6 -5 103 103 
46 0-•13 106 100 6 0 50 45 
156 0 -5 203 197 6 1 72 67 
34 0 1 190 174 6 2 51 42 
173 0 9 119 120 6 4 176 172 
68 1- 12 93 89 6 6 52 38 
64 1-•10 67 65 7 -6 114 122 
119 1 -9 51 44 7 -5 50 39 
159 1 -7 68 74 7 -4 54 45 
132 1 -6 51 51 7 -3 75 80 
91 1 -5 41 33 7 -1 86 88 
76 1 -4 58 55 7 2 126 125 
86 1 -3 86 87 8 -6 62 67 
153 1 -2 61 69 8 -5 60 62 
73 1 -1 63 66 8 -3 64 60 
43 1 0 118 105 8 -1 80 82 
91 1 1 57 51 8 2 59 61 
107 1 2 125 118 9-•11 91 86 
40 1 3 73 68 9 -5 75 76 
59 1 5 65 60 9 1 119 121 
56 1 6 76 76 9 3 65 56 
59 
44 
91 
127 
142 
83 
80 
90 
93 
58 
94 
83 
62 
184 
51 
103 
62 
144 
72 
47 
124 
142 
53 
108 
110 
64 
81 
53 
91 
144 
117 
201 
105 
207 
155 
52 
82 
98 
116 
72 
54 
158 
54 
172 
68 
65 
123 
156 
128 
92 
71 
81 
155 
77 
56 
82 
100 
63 
64 
57 
310 
9 7 97 97 2 6 61 56 6 -4 
10 -6 54 46 2 7 131 131 6 -3 
10 -4 69 71 2 8 67 60 6 0 
10 -3 88 84 2 10 110 111 6 1 
10 -1 88 89 2 11 83 91 6 2 
10 0 57 58 3-•14 63 65 6 3 
10 2 53 47 3-•13 67 70 6 4 
11: •10 70 59 3-•11 66 67 6 5 
11 -2 69 65 3 t9 98 105 6 6 
11 1 58 35 3 -6 145 147 6 7 
11 3 64 58 3 -5 223 226 6 9 
11 6 59 49 3 -4 68 62 . 7--14 
12 -8 62 54 3 -2 43 36 7--13 
12 4 71 73 3 -1 52 34 7--12 
13 -3 68 59 3 0 152 143 7 -9 
13 -1 67 59 3 1 266 268 7 -8 
13 0 61 52 3 2 158 148 7 -6 
3 3 48 28 7 -5 
H . 6 3 4 77 74 7 -3 
K L Fo Fc 3 5 115 116 7 -1 
0-12 83 81 3 6 59 58 7 1 
0-•10 127 123 3 7 77 67 7 2 
0 -8 75 82 3 9 74 76 7 4 
0 -6 134 126 3 10 72 75 7 5 
0 -2 729 692 4-•11 67 63 7 8 
0 0 54 57 4-•10 52 50 7 9 
0 2 104 93 4 -9 63 66 7 10 
0 4 62 64 4 -8 73 65 8-•13 
0 6 78 72 4 -7 125 130 8 -9 
0 8 81 75 4 -6 301 296 8 -7 
1-13 64 63 4 -5 226 222 8 -6 
1-•12 74 75 4 -4 50 47 8 -4 
1-11 55 51 4 -3 143 136 8 -3 
1-•10 194 187 4 -2 101 88 8 -1 
1 -9 56 64 4 -1 150 146 8 0 
1 -7 152 150 4 1 202 202 8 1 
1 -6 114 109 4 2 266 250 8 2 
1 -5 54 29 4 3 137 137 8 3 
1 -3 173 180 4 4 72 67 8 4 
1 -1 62 71 4 5 81 82 8 9 
1 2 108 101 4 6 74 67 9 -8 
1 3 197 184 4 7 63 60 9 -6 
1 5 73 89 5-•12 56 41 9 -5 
1 6 235 230 5-•10 84 86 9 -4 
1 8 58 58 5 -8 60 57 9 -1 
1 9 66 72 5 -7 112 123 9 0 
2-•15 81 74 5 -6 65 68 9 1 
2-•14 105 105 5 -4 74 76 9 2 
2-•13 59 52 5 -3 112 112 9 4 
2-•11 122 124 5 -1 177 169 9 7 
2-•10 82 76 5 0 131 128 10-•10 
2 -8 112 119 5 2 157 154 10 -9 
2 -5 93 98 5 3 110 113 10 -3 
2 -4 148 152 5 6 78 83 10 -1 
2 -2 53 48 6-•13 87 83 10 0 
2 -1 43 28 6 -9 98 100 10 3 
2 0 98 100 6 -8 93 96 10 5 
2 1 115 113 6 -7 82 83 11-•10 
2 3 104 105 6 -6 62 61 11 -9 
2 4 52 47 6 -5 103 104 11 -8 
70 11 -4 64 58 3--10 61 54 
52 11 -1 69 76 3 -9 65 68 
73 11 0 70 65 3 -7 71 81 
53 11 4 87 80 3 -5 104 109 
64 11 5 83 85 3 -3 55 46 
56 11 6 67 64 3 -2 181 186 
130 12 -9 71 73 3 -1 54 48 
79 12 -5 60 65 3 1 200 194 
38 12 -4 111 114 3 2 61 59 
76 12 -2 59 47 3 4 75 75 
64 12 0 119 117 3 5 66 64 
62 12 5 83 85 3 7 125 128 
48 13 -4 85 78 4--14 67 67 
66 13 0 73 82 4--13 66 67 
157 4--11 66 64 
108 B . 7 4 -8 83 86 
79 K L Fo Fc 4 -7 182 187 
96 0--11 128 131 4 -6 121 121 
62 0 -9 139 139 4 -5 50 36 
55 0 -7 170 168 4 -4 100 98 
78 0 5 101 100 4 -3 186 179 
133 0 -3 193 186 4 -2 65 53 
125 0 -1 189 184 4 0 103 95 
151 0 1 260 250 4 1 51 54 
79 0 3 140 130 4 2 103 101 
65 1-•15 69 62 4 3 126 125 
86 1-•14 60 49 4 4 71 72 
64 1-•12 74 68 4 5 75 71 
69 1-11 104 107 4 7 78 80 
79 1 -8 81 88 5-•13 58 49 
70 1 -7 49 44 5-•12 65 60 
88 1 -6 165 171 5 -9 78 80 
220 1 -4 157 143 5 -8 180 175 
227 1 -3 56 49 5 -6 99 98 
92 1 -2 185 171 5 -5 49 37 
32 1 1 52 41 5 -3 58 58 
80 1 2 88 87 5 -2 149 150 
67 1 3 72 67 5 -1 76 74 
68 1 4 130 134 5 2 196 193 
69 1 5 75 69 5 3 111 115 
59 1 6 107 106 5 8 92 92 
55 1 7 80 76 6-•13 93 88 
46 1 9 65 63 6-•10 52 41 
143 2-•14 74 59 6 -7 73 76 
55 2-•12 102 109 6 -6 58 49 
95 2-•11 66 63 6 -3 155 154 
43 2-•10 108 115 6 -2 81 75 
72 2 -6 69 67 6 -1 84 85 
74 2 -4 74 77 6 0 61 58 
74 2 -1 121 123 6 2 53 43 
36 2 0 50 48 6 3 121 114 
69 2 1 72 70 6 5 59 52 
78 2 2 126 123 6 6 57 41 
88 2 6 183 182 6 7 74 69 
56 2 9 90 95 6 8 58 61 
52 2 10 80 85 6 9 68 66 
50 3- 15 72 77 7-12 56 60 
53 3-14 59 49 7-11 86 . 86 
55 3-12 60 62 7 -9 79 78 
65 3-11 101 106 7 -6 64 64 
67 
50 
73 
59 
72 
58 
137 
80 
55 
72 
71 
73 
55 
62 
156 
104 
81 
94 
55 
52 
68 
131 
129 
153 
65 
68 
91 
63 
74 
75 
69 
85 
217 
235 
104 
55 
75 
69 
74 
63 
55 
65 
60 
140 
51 
100 
59 
71 
77 
74 
55 
68 
76 
89 
66 
57 
61 
61 
61 
68 
116 
82 
58 
74 
153 
65 
93 
124 
54 
72 
145 
75 
69 
172 
57 
55 
87 
62 
80 
76 
176 
76 
120 
92 
61 
55 
85 
67 
82 
72 
93 
55 
58 
83 
63 
73 
59 
64 
59 
59 
79 
64 
73 
69 
79 
67 
59 
64 
59 
75 
66 
8 
Fo 
54 
109 
168 
73 
131 
181 
311 
121 0 4 111 111 7--12 56 
79 1-12 55 42 7 -4 86 
47 1-10 55 56 7 -3 89 
76 1 -9 51 42 7 -2 85 
156 1 -7 103 109 7 2 67 
63 1 -5 76 75 7 5 59 
95 1 -3 151 148 7 6 67 
129 1 -2 67 69 8 -9 81 
30 1 r-1 54 60 8 -7 63 
72 1 1 58 70 8 -6 66 
141 1 2 50 29 8 -1 67 
74 1 3 58 62 8 0 82 
67 1 6 65 69 8 1 99 
177 2-15 75 64 8 3 77 
58 2-11 56 60 9-•10 68 
33 2 -8 88 88 9 -4 92 
87 2 -7 60 54 9 -2 74 
27 2 -4 52 48 9 4 63 
70 2 1 62 64 10 -9 79 
71 2 2 107 106 10 3 77 
182 2 3 74 74 11 -4 58 
56 2 5 72 68 11 0 58 
125 2 6 59 55 12 -5 69 
84 3-11 75 77 
58 3 -7 95 97 H - 9 
48 3 -6 55 53 K L Fo 
83 3 -5 50 47 0- 15 66 
58 3 -1 69 69 0-•13 57 
85 3 0 56 59 0 -9 92 
69 3 1 136 131 0 -7 136 
93 3 5 76 74 0 -3 99 
37 3 7 57 40 0 1 57 
50 4-12 60 56 0 3 109 
88 4-11 84 78 0 5 64 
53 4 -7 59 60 1-•14 63 
74 4 -6 115 110. 1-•12 57 
59 4 -5 105 108 1 -9 139 
54 4 -4 115 120 1 -8 82 
49 4 -2 111 112 1 -2 89 
53 4 -1 70 70 1 0 86 
69 4 0 77 87 1 2 153 
68 4 5 99 103 1 3 149 
77 4 6 69 71 1 6 56 
69 5-13 70 67 1 8 73 
81 5-12 57 64 2 -9 123 
55 5-11 58 50 2 -8 61 
23 5 -6 63 63 2 -6 165 
67 5 5 72 74 2 -5 241 
61 5 -3 118 118 2 -3 73 
88 5 -1 104 107 2 -1 227 
75 5 0 87 85 2 0 161 
5 1 51 43 2 2 62 
6-13 76 67 2 3 80 
Fc 6-12 67 56 3-•13 63 
43 6-11 60 48 3 -5 103 
110 6 -5 54 49 3 -4 94 
173 6 -1 58 56 3 -1 178 
71 6 1 56 46 3 2 53 
133 6 4 73 74 3 3 84 
182 6 7 85 83 3 4 62 
3 7 69 65 0--10 95 99 
3 8 69 68 0 —8 78 79 
4--13 75 71 0 -6 69 50 
4--12 96 98 0 -2 140 145 
4--11 51 40 0 2 119 122 
4 -8 69 61 0 4 68 71 
4 -6 55 59 0 6 56 13 
4 -3 90 93 1--10 96 101 
4 -1 59 55 1 -6 102 107 
4 6 77 84 1 -5 61 69 
4 7 100 100 1 -1 52 50 
5--12 71 67 1 0 89 100 
5--11 55 54 1 2 81 88 
5--10 55 48 1 3 129 132 
5 -8 82 94 1 7 79 81 
5 -5 68 69 2--12 67 67 
5 -4 87 92 2--11 70 80 
5 -2 119 129 2--10 56 48 
5 1 70 62 2 -9 101 108 
5 2 82 83 2 -7 112 117 
5 4 84 83 2 -5 134 138 
5 5 87 92 2 -3 51 42 
5 6 69 76 2 -2 72 72 
6--10 100 96 2 -1 133 136 
6 -6 68 68 2 0 59 50 
6 -5 82 83 2 3 109 109 
6 -4 179 176 2 5 57 52 
6 -3 112 101 3-•14 63 62 
6 -2 161 161 3--12 74 71 
6 -1 56 57 3-•10 67 65 
6 0 74 84 3 -7 65 68 
6 4 64 61 3 -6 123 136 
7 -9 65 64 3 -4 73 77 
7 -8 81 76 3 -2 130 128 
7 -5 60 56 3 -1 85 87 
7 2 59 56 3 0 109 114 
7 3 83 79 3 4 71 68 
7 4 74 83 3 5 62 60 
8-•11 93 85 3 6 68 51 
8 -8 76 76 3 7 70 63 
8 -4 65 52 4 -5 92 94 
8 -2 52 37 4 -4 50 37 
8 2 63 63 4 1 66 65 
8 5 100 95 4 2 78 84 
9 -8 63 63 4 4 74 80 
9 -7 68 70 4 5 98 95 
9 -4 61 52 4 6 90 92 
9 -1 64 54 5-•13 76 76 
9 1 111 116 5-•12 60 54 
9 2 60 48 5 -9 100 100 
10 -7 110 108 5 -3 104 107 
10 -6 63 65 5 -2 62 69 
10 1 108 107 5 1 63 73 
11 -4 57 44 5 3 117 112 
11 -2 63 63 5 6 85 79 
11 0 72 74 6-•11 80 70 
6 -8 89 83 
H - 10 6 -7 52 11 
K L Fo Fc 6 -5 84 89 
0-•14 71 62 6 -4 142 146 
53 
85 
86 
86 
65 
52 
60 
90 
68 
71 
57 
80 
98 
80 
77 
93 
76 
63 
73 
68 
47 
45 
69 
Fc 
61 
40 
96 
141 
106 
58 
100 
66 
47 
56 
145 
89 
91 
88 
158 
141 
52 
71 
118 
66 
161 
235 
75 
215 
149 
62 
71 
65 
109 
87 
169 
47 
83 
51 
312 
6 -2 68 69 5 2 
6 -1 101 106 6-10 
6 2 101 103 6 -9 
7-12 65 64 6 -7 
7-11 78 73 6 -3 
7-10 76 83 6 1 
7 -9 77 78 6 2 
7 -7 53 42 6 3 
7 -6 96 93 7 -8 
7 -3 90 87 7 -7 
7 -2 65 70 7 -5 
7 1 97 100 7 -3 
7 4 111 118 7 -1 
8-11 76 77 7 0 
8 -8 63 66 8 0 
8 -7 74 72 9 -5 
8 -2 54 37 
8 -1 108 108 B -
9 -6 68 60 K L 
9 0 88 90 0-•12 
9 1 61 55 0 -8 
9 2 91 75 0 -4 
10 -8 131 123 0 0 
10 0 72 66 1 -8 
11 -3 104 110 1 -5 
1 0 
H . 11 1 3 
K L Po Pc 1 4 
0 -5 67 65 2- 11 
0 -3 69 67 2 -6 
0 -1 110 115 2 -3 
1-11 57 52 3 -7 
1 -9 62 52 3 -1 
1 -7 59 64 3 2 
1 -5 74 79 4 -9 
1 -4 97 99 4 -8 
1 -1 58 49 4 -7 
1 2 70 64 4 -5 
1 3 65 67 4 -4 
2-12 58 56 4 -3 
2-11 62 36 4 0 
2-10 59 60 4 1 
2 -9 90 87 5 0 
2 -6 145 155 6-•10 
2 -2 136 139 6 -7 
2 1 86 91 7 -5 
2 4 62 58 8 -5 
3-12 62 54 8 -3 
3-11 91 93 
3 -7 95 99 H . 
3 -4 75 87 K L 
3 -1 133 128 0 -9 
3 3 70 67 0 -5 
4-12 79 64 0 -3 
4-11 85 80 0 -1 
4 3 124 119 1 -8 
4 4 70 80 1 -4 
5 -6 59 56 2 -9 
5 -3 54 62 2 0 
5 -2 110 108 3 -7 
69 3 -4 73 71 
98 3 -1 111 118 
83 4 -9 90 97 
71 4 -8 62 62 
• 65 4 -5 72 73 
68 4 -2 64 58 
111 5 -4 61 58 
48 6 -5 69 66 
109 6 -4 68 58 
58 6 -3 57 47 
81 
58 H . 14 
59 K L Po Pc 
84 0 -6 77 62 
94 0 -4 96 92 
60 1 -5 97 94 
Pc 
76 
92 
225 
62 
59 
70 
55 
73 
87 
63 
69 
57 
81 
128 
65 
61 
122 
70 
70 
67 
73 
81 
63 
95 
11 
80 
60 
71 
80 
Pc 
68 
113 
65 
90 
70 
94 
36 
68 
47 
67 
96 
84 
76 
68 
64 
110 
62 
108 
58 
74 
63 
61 
80 
92 
75 
12 
Fo 
76 
89 
238 
58 
58 
62 
56 
75 
79 
65 
65 
64 
71 
120 
62 
58 
122 
73 
69 
74 
68 
86 
59 
95 
54 
69 
66 
82 
84 
13 
Po 
57 
106 
66 
90 
69 
95 
57 
62 
62 
313 
APPENDIX N. OBSERVED AND CALCULATED STRUCTURE FACTOR AMPLITUDES 
FOR RbgZrgCl^gB 
314 
H . 0 3 13 22 23 7 5 
K L Fo Fc 3 14 78 78 7 6 
0 2 180 177 3 17 23 22 7 7 
0 4 22 23 3 18 18 19 7 8 
0 6 140 141 3 20 126 123 7 10 
0 10 175 177 3 21 21 18 7 11 
0 12 62 62 3 22 45 45 7 12 
0 14 228 232 4 1 134 141 7 14 
0 16 118 114 4 2 240 249 7 15 
0 18 217 214 4 '3 55 57 7 16 
0 20 99 98 4 A 148 154 7 17 
0 22 24 26 4 5 250 253 7 18 
1 0 212 220 4 6 170 177 8 1 
1 1 19 18 4 7 147 148 8 3 
1 2 114 114 4 8 111 111 8 4 
1 3 186 183 4 9 24 26 8 5 
1 A 176 173 4 11 105 105 8 6 
1 5 21 20 4 12 249 247 8 7 
1 6 307 303 4 13 191 189 8 8 
1 7 164 166 4 14 37 38 8 9 
1 8 216 215 4 16 20 20 8 11 
1 9 42 42 4 17 22 26 8 13 
1 10 16 19 4 18 73 73 8 15 
1 11 34 37 4 19 32 35 9 3 
1 13 83 82 4 20 65 65 9 4 
1 lA 45 AA 5 0 105 103 9 5 
1 15 87 87 5 2 28 34 9 7 
1 16 41 40 5 3 26 26 9 8 
1 17 111 110 5 5 268 272 9 10 
1 18 163 161 5 6 219 222 9 11 
1 19 20 24 5 7 24 27 9 12 
1 22 55 55 5 8 108 107 9 13 
2 0 102 105 5 9 129 130 9 14 
2 1 78 79 5 12 21 22 10 0 
2 2 197 202 5 13 75 75 10 1 
2 4 154 152 5 14 25 28 10 2 
2 5 335 337 5 15 92 89 10 3 
2 6 306 303 5 16 52 51 10 5 
2 7 369 373 5 19 79 78 10 6 
2 8 61 59 6 0 370 376 10 7 
2 9 88 89 6 1 146 150 10 8 
2 10 20 22 6 2 133 135 10 9 
2 11 265 267 6 3 66 68 10 10 
2 12 224 225 6 4 23 26 10 12 
2 13 126 124 6 5 38 AO 11 0 
2 14 20 21 6 6 74 7A 11 2 
2 15 50 52 6 7 63 63 11 4 
2 19 31 32 6 8 32 33 11 5 
2 20 31 36 6 10 47 46 11 6 
2 21 24 22 6 11 57 57 
3 0 50 43 6 12 24 25 H > 
3 1 42 43 6 13 129 128 K L 
3 2 103 107 6 14 67 65 0 1 
3 4 211 212 6 16 65 66 0 3 
3 6 198 199 6 18 126 122 0 5 
3 7 148 150 6 19 28 30 0 7 
3 9 30 32 7 0 211 218 0 11 
3 10 142 141 7 1 60 61 0 13 
3 11 129 129 7 2 114 114 0 17 
3 12 176 177 7 3 94 94 0 19 
98 0 21 A5 46 A 8 109 109 
23 1 1 128 126 A 10 41 40 
47 1 2 88 87 A 11 22 25 
37 1 3 108 108 A 12 78 76 
37 1 4 68 67 A 13 52 53 
43 1 5 A9 49 A 16 33 35 
54 1 6 1A2 145 A 17 40 39 
59 1 7 55 56 4 19 101 99 
61 1 8 129 130 5 1 29 31 
26 1 9 51 51 5 2 21 23 
94 1 11 23 27 5 5 29 31 
79 1 12 51 52 5 6 98 99 
59 1 13 126 125 5 8 120 118 
23 1 14 72 73 5 9 18 21 
39 1 17 27 31 5 10 52 53 
98 1 18 33 35 5 11 26 29 
36 1 19 23 20 5 12 100 101 
157 1 20 33 36 5 13 24 23 
30 1 21 27 29 5 14 23 23 
47 2 1 189 192 5 16 40 40 
108 2 2 69 69 5 18 27 33 
52 2 3 38 37 5 20 20 18 
48 2 4 127 128 6 1 129 131 
31 2 5 38 36 6 4 24 26 
44 2 6 215 213 6 5 43 46 
43 2 7 26 25 6 6 75 74 
144 2 8 68 67 6 7 69 68 
40 2 9 33 35 6 8 126 124 
82 2 10 A9 A9 6 9 67 67 
85 2 11 32 33 6 10 41 42 
27 2 12 1A9 1A5 6 11 42 43 
57 2 13 A2 A3 6 12 52 50 
22 2 14 81 81 6 13 72 70 
72 2 15 19 20 6 15 31 30 
43 2 17 22 26 6 17 47 50 
50 2 19 42 A3 6 18 24 22 
53 2 20 47 49 6 19 35 36 
33 3 1 146 154 7 1 100 98 
30 3 2 52 52 7 3 23 23 
37 3 3 17 17 7 4 38 38 
44 3 A 85 86 7 5 21 26 
25 3 5 79 79 7 6 21 21 
47 3 6 98 98 7 7 33 36 
56 3 9 31 32 7 9 21 25 
77 3 10 35 35 7 10 44 46 
35 3 11 52 52 7 12 24 27 
63 3 12 26 28 7 13 40 39 
76 3 13 77 78 7 14 37 37 
43 3 lA 21 23 7 15 37 41 
3 15 60 58 7 17 56 57 
3 16 19 22 8 1 32 35 
Fc 3 19 115 llA 8 2 25 27 
199 3 20 34 37 8 3 50 48 
26 3 21 32 36 8 4 59 62 
200 A 1 201 205 8 6 98 97 
211 A 2 103 105 8 8 44 45 
101 A 3 30 29 8 10 23 23 
137 4 A 50 5A 8 11 20 20 
104 4 5 77 78 8 12 46 49 
AA 4 6 130 131 8 13 40 42 
98 
20 
46 
39 
40 
42 
54 
60 
59 
27 
96 
77 
59 
23 
38 
98 
33 
160 
32 
48 
113 
51 
47 
27 
45 
42 
149 
37 
85 
86 
28 
57 
25 
74 
42 
51 
55 
29 
29 
35 
45 
23 
48 
57 
82 
35 
63 
79 
41 
1 
Fo 
204 
25 
200 
211 
102 
137 
104 
40 
51 
55 
30 
67 
22 
35 
31 
56 
31 
33 
24 
44 
32 
26 
32 
2 
Fo 
26 
12 
200 
129 
96 
129 
41 
94 
47 
50 
158 
86 
211 
70 
92 
57 
127 
85 
90 
42 
60 
86 
83 
26 
65 
74 
55 
22 
24 
70 
33 
75 
197 
153 
142 
94 
152 
105 
141 
44 
50 
315 
64 2 13 24 29 6 19 22 
49 2 14 76 75 7 1 75 
53 2 15 93 92 7 2 46 
33 2 16 68 67 7 3 28 
68 2 17 33 33 7 6 82 
22 2 18 43 44 7 7 23 
37 2 21 43 46 7 8 91 
33 3 0 17 20 7 9 26 
56 3 1 92 93 7 10 19 
33 3 2 164 164 7 11 70 
31 3 3 141 144 7 13 20 
27 3 4 141 144 7 14 40 
46 3 5 15 15 8 1 68 
32 3 6 39 37 8 2 34 
27 3 7 19 22 8 4 48 
32 3 9 41 44 8 5 88 
3 10 207 208 8 6 58 
3 11 108 107 8 7 71 
Fc 3 12 31 31 8 8 23 
25 3 13 49 50 8 9 26 
10 3 18 45 47 8 10 41 
200 3 20 33 35 8 12 26 
130 4 0 84 85 8 15 78 
97 4 1 22 26 9 0 29 
127 4 2 62 62 9 2 21 
43 4 3 168 174 9 3 75 
95 4 4 45 48 9 9 31 
47 4 5 42 45 9 11 41 
52 4 6 82 83 9 12 45 
154 4 7 131 129 10 0 48 
84 4 8 105 103 10 4 52 
207 4 9 27 29 10 7 30 
69 . 4 10 85 84 10 10 36 
91 4 14 82 82 10 11 22 
56 4 16 20 23 11 4 31 
125 4 17 55 54 11 5 24 
83 4 19 37 40 
90 5 1 130 133 H . 3 
44 5 2 19 19 K L Fo 
59 5 3 49 49 0 1 205 
85 5 6 62 63 0 3 76 
83 5 7 33 36 0 5 266 
28 5 9 24 25 0 7 144 
66 5 10 57 57 0 9 530 
73 5 11 19 22 0 11 129 
54 5 13 38 39 0 13 64 
25 5 15 60 61 0 17 27 
30 5 17 76 75 1 1 70 
69 5 18 26 27 1 2 21 
33 6 0 91 91 1 3 247 
76 6 1 65 66 1 4 20 
195 6 3 96 96 1 5 47 
154 6 4 85 86 1 6 136 
142 6 5 60 62 1 7 22 
93 6 8 51 52 1 8 103 
152 6 10 91 90 1 9 256 
105 6 11 47 48 1 10 18 
141 6 13 35 36 1 11 48 
45 6 16 35 36 1 12 32 
51 6 17 68 67 1 13 33 
1 14 38 38 4 20 34 36 
1 15 105 106 4 21 86 85 
1 16 121 118 5 1 35 39 
1 17 44 44 5 3 152 153 
1 18 66 66 5 4 186 189 
1 19 23 24 5 5 46 47 
1 20 20 22 5 6 101 101 
1 22 36 37 5 7 24 25 
2 1 39 37 5 10 92 92 
2 2 412 420 5 13 84 83 
2 3 303 298 5 14 105 101 
2 4 280 277 5 15 109 108 
2 5 17 19 5 16 57 57 
2 6 62 64 5 17 23 29 
2 7 121 119 5 18 66 64 
2 8 37 37 6 1 60 60 
2 9 18 22 6 2 19 21 
2 10 16 15 6 3 60 61 
2 11 88 88 6 4 96 97 
2 12 24 23 6 5 72 73 
2 14 112 110 6 7 107 106 
2 15 149 148 6 8 54 55 
2 16 179 178 6 9 231 233 
2 17 27 28 6 10 68 65 
2 18 42 44 6 11 100 98 
2 20 86 85 6 14 64 65 
2 21 57 59 6 15 24 26 
2 22 47 49 6 16 48 48 
3 1 128 130 6 17 28 29 
3 2 169 171 6 18 36 39 
3 3 266 263 7 1 42 43 
3 5 17 17 7 3 46 45 
3 6 29 31 7 4 65 67 
3 7 22 23 7 5 29 32 
3 8 22 24 7 6 71 69 
3 9 74 74 7 7 71 70 
3 10 52 54 7 8 102 101 
3 11 150 147 7 9 171 164 
3 13 83 82 7 10 44 45 
3 14 18 22 7 11 80 78 
3 15 46 44 7 12 29 30 
3 16 69 69 7 13 32 31 
3 17 20 20 7 14 21 19 
3 19 55 55 7 16 36 35 
3 20 46 50 8 1 28 29 
3 21 115 115 8 2 160 157 
4 1 23 28 8 3 36 37 
4 2 152 156 8 4 80 79 
4 3 241 246 8 6 56 56 
4 4 266 268 . 8 8 44 42 
4 5 63 64 8 13 25 28 
4 7 99 100 8 14 30 31 
4 8 91 90 8 15 22 23 
4 9 94 93 8 16 105 101 
4 10 38 40 9 1 68 67 
4 11 148 146 9 2 137 133 
4 14 148 147 9 3 23 26 
4 15 99 98 9 4 65 63 
4 16 63 61 9 11 24 22 
4 18 28 30 9 13 33 35 
24 
75 
47 
30 
80 
25 
89 
26 
21 
69 
20 
39 
68 
36 
50 
85 
58 
70 
20 
25 
40 
28 
77 
29 
27 
74 
32 
40 
46 
46 
52 
32 
41 
22 
31 
23 
Fc 
201 
76 
263 
143 
539 
130 
64 
30 
69 
26 
238 
26 
48 
137 
25 
103 
259 
20 
50 
35 
34 
51 
51 
55 
41 
55 
58 
43 
53 
42 
34 
Pc 
139 
280 
49 
38 
314 
82 
149 
103 
38 
34 
110 
141 
114 
29 
93 
262 
167 
79 
16 
24 
74 
105 
27 
37 
116 
82 
71 
35 
38 
32 
38 
54 
174 
55 
18 
276 
68 
114 
20 
24 
27 
131 
63 
30 
97 
124 
86 
316 
2 20 35 35 6 10 101 97 1 
2 21 47 46 6 12 39 40 1 
3 2 91 91 6 13 52 52 1 
3 3 66 65 6.15 61 60 1 
3 5 95 93 6 16 23 23 2 
3 6 61 62 6 17 47 48 2 
3 7 25 27 6 18 25 28 2 
3 8 159 159 7 0 62 63 2 
3 9 17 19 7 2 41 44 2 
3 10 158 157 7 3 23 28 2 
3 11 51 51 7 4 56 56 2 
3 12 105 104 7 5 89 89 2 
3 13 18 10 7 6 29 28 2 
3 14 23 27 7 8 86 85 2 
3 15 42 43 7 9 29 31 2 
3 16 34 35 7 10 79 79 3 
3 18 32 35 7 15 34 33 3 
3 20 36 38 7 16 22 25 3 
4 0 104 106 8 1 29 29 3 
4 1 130 133 8 3 119 118 3 
4 3 129 130 8 5 72 72 3 
4 4 170 172 8 6 62 61 3 
4 5 86 86 8 7 19 18 3 
4 6 42 42 8 8 30 33 3 
4 7 73 72 8 10 26 25 3 
4 8 56 56 8 11 31 30 3 
4 9 52 53 8 13 47 47 3 
4 10 208 205 8 15 82 81 3 
4 11 40 43 9 1 46 47 3 
4 14 22 21 9 2 55 56 3 
4 15 61 62 9 3 43 44 3 
4 16 28 29 9 5 62 61 4 
4 17 52 52 9 12 70 67 4 
4 18 23 22 10 1 25 27 4 
4 19 18 • 11 10 2 35 35 4 
4 20 50 52 10 4 58 56 4 
5 0 101 100 10 5 43 41 4 
5 1 43 45 10 6 20 18 4 
5 2 53 55 10 8 47 46 4 
5 3 170 175 10 9 25 • 29 4 
5 4 66 66 10 10 67 67 4 
5 6 23 27 11 3 45 45 4 
5 7 94 95 11 4 41 38 4 
5 8 72 71 4 
5 12 26 28 H > 5 4 
5 13 47 48 • K L Fo Fc 5 
5 14 57 57 0 3 35 37 5 
5 15 59 59 0 5 137 136 5 
5 16 42 43 0 7 103 102 5 
5 17 131 125 0 9 79 78 5 
6 0 72 72 0 13 54 55 5 
6 1 144 143 0 17 49 49 5 
6 2 100 100 1 1 28 28 5 
6 3 38 38 1 2 134 135 5 
6 4 53 54 1 3 34 35 6 
6 5 50 53 1 4 40 42 6 
6 6 21 20 1 5 57 55 6 
6 7 35 36 1 6 44 44 6 
6 8 144 143 1 8 61 62 6 
6 9 71 71 1 9 87 87 6 
11 17 19 6 7 23 22 
13 84 83 6 8 90 89 
16 58 57 6 10 37 37 
20 34 34 6 12 24 25 
1 94 92 6 13 22 24 
2 103 101 6 14 29 28 
5 33 33 6 15 24 26 
6 66 66 6 16 29 33 
7 32 33 7 1 34 37 
10 28 30 7 2 43 45 
12 75 74 7 3 50 50 
13 49 51 7 5 26 28 
16 54 54 7 10 31 33 
18 25 28 7 11 24 24 
20 36 39 7 12 26 29 
1 42 42 7 15 32 36 
2 50 51 8 1 25 29 
3 75 75 8 2 51 53 
4 46 48 8 3 49 49 
5 70 69 8 6 25 29 
6 53 53 8 13 38 39 
7 54 54 9 2 26 24 
9 69 69 9 3 23 23 
10 23 26 9 6 33 32 
11 22 26 9 9 36 36 
12 17 17 9 12 21 18 
13 37 38 10 2 24 28 
15 48 49 10 5 36 37 
16 28 31 10 6 22 19 
19 57 57 
20 26 29 H - 6 
1 88 87 K L Fo Fc 
2 57 57 0 0 548 549 
5 57 56 0 2 237 232 
6 39 37 0 4 165 165 
7 46 46 0 6 51 49 
8 48 49 0 8 96 94 
9 69 71 0 12 27 26 
10 31 32 0 14 105 103 
11 27 28 0 16 32 31 
12 29 32 0 18 201 199 
13 22 24 0 20 34 37 
14 35 36 1 0 283 279 
18 19 16 1 1 29 27 
19 53 54 1 2 82 81 
1 33 34 1 3 64 64 
2 33 35 1 4 23 26 
4 85 87 1 6 70 70 
6 21 23 1 7 86 85 
8 62 61 1 8 17 18 
10 49 50 1 9 42 43 
11 30 30 1 10 95 94 
12 55 56 1 12 91 91 
14 29 30 1 13 38 37 
1 34 35 1 14 98 96 
2 35 38 1 15 64 62 
3 33 35 1 16 24 22 
4 57 58 1 17 68 67 
5 28 29 1 18 81 81 
6 36 36 1 20 35 38 
27 
31 
161 
303 
277 
67 
26 
67 
165 
89 
105 
44 
53 
36 
52 
139 
79 
166 
66 
41 
39 
58 
68 
20 
126 
185 
19 
43 
63 
92 
31 
67 
35 
24 
221 
200 
46 
29 
47 
113 
127 
100 
70 
24 
48 
25 
40 
67 
46 
67 
81 
116 
105 
66 
40 
44 
41 
61 
84 
317 
5 15 26 28 1 8 103 100 
6 0 211 218 1 11 44 43 
6 1 42 44 1 12 54 54 
6 2 134 133 1 13 96 94 
6 4 67 66 1 14 85 83 
6 5 87 84 1 16 21 27 
6 8 49 50 1 17 35 36 
6 9 36 36 1 18 31 35 
6 12 34 36 1 19 22 24 
6 13 59 59 2 1 127 127 
6 l'4 28 28 2 2 18 21 
6 15 24 27 2 3 20 22 
6 16 26 30 2 4 123 122 
7 0 185 183 2 6 199 195 
7 1 101 99 2 8 87 87 
7 2 48 48 2 9 27 28 
7 5 25 27 2 10 40 41 
7 6 35 37 2 11 47 46 
7 7 18 19 2 12 131 127 
7 9 40 42 2 14 87 86 
7 10 35 35 2 17 23 28 
7 13 42 43 2 19 41 42 
7 14 57 58 3 1 144 143 
7 15 67 65 3 2 27 28 
a 3 53 53 3 3 37 37 
8 5 19 21 3 4 53 53 
8 6 43 43 3 5 38 40 
8 7 155 150 3 6 73 73 
S 10 22 23 3 7 25 27 
8 11 49 51 3 9 73 72 
8 13 61 60 3 11 73 72 
9 1 29 29 3 12 20 26 
9 4 22 24 3 13 69 68 
9 5 63 62 3 15 36 38 
9 7 79 77 3 19 108 107 
9 8 24 29 4 1 172 172 
9 10 54 52 4 2 62 63 
9 11 90 89 4 3 35 36 
10 0 46 47 4 4 64 62 
10 2 31 32 4 5 60 60 
10 5 48 48 4 6 124 123 
10 6 23 24 4 7 21 20 
4 8 92 90 
H . 7 4 10 30 30 
K L Fo Pc 4 11 52 51 
0 1 189 187 4 12 77 77 
0 3 50 50 4 13 51 53 
0 5 128 127 4 15 19 18 
0 7 146 144 4 16 34 38 
0 9 36 37 4 17 44 44 
0 11 105 103 5 2 42 43 
0 13 141 138 5 4 39 42 
0 17 100 98 5 5 25 28 
0 19 63 64 5 6 102 100 
1 1 98 96 5 8 101 102 
1 3 77 77 5 9 24 27 
1 4 93 91 5 10 24 26 
1 5 23 25 5 12 83 82 
1 6 129 126 5 14 45 48 
1 7 62 62 5 16 52 52 
1 133 133 2 2 34 36 
5 41 41 2 3 45 46 
6 69 68 2 5 50 50 
7 62 63 2 7 86 84 
8 91 88 2 9 51 50 
9 70 67 2 10 32 34 
10 26 26 2 11 65 63 
11 52 54 2 12 33 37 
12 54 53 3 0 171 167 
13 75 73 3 2 60 61 
1 92 94 3 3 18 20 
4 39 39 3 5 30 33 
7 38 39 3 6 84 82 
9 39 40 3 7 42 41 
10 34 36 3 8 26 27 
11 39 39 3 10 18 11 
13 46 47 3 11 33 35 
14 36 39 3 14 51 52 
1 22 25 3 16 43 43 
3 26 27 3 18 44 45 
4 72 71 4 0 45 43 
6 106 104 4 1 48 47 
8 56 55 4 2 81 81 
10 25 25 4 4 74 74 
12 51 53 4 5 20 23 
1 23 24 4 8 23 26 
3 47 50 4 10 59 56 
4 32 33 4 11 25 24 
6 67 68 4 12 55 54 
7 23 24 4 13 39 39 
1 66 66 4 14 26 28 
2 22 21 5 0 25 29 
3 31 34 5 2 47 49 
4 22 25 5 3 37 38 
5 4 44 46 
H . 8 5 5 116 114 
L Fo Fc 5 7 27 31 
0 199 196 5 8 51 53 
2 44 44 5 9 41 39 
4 23 24 5 11 43 44 
6 58 59 5 12 33 36 
8 70 68 5 13 37 37 
10 71 69 5 14 28 30 
14 98 96 6 0 26 28 
18 23 27 6 1 84 82 
0 24 27 6 6 37 38 
1 38 39 6 7 62 60 
2 49 47 6 9 37 36 
3 23 21 6 12 28 29 
4 137 136 6 13 64 64 
5 30 32 6 14 21 20 
7 124 120 7 0 28 28 
8 62 61 7 2 25 27 
11 65 65 7 3 39 40 
12 45 48 7 6 45 43 
13 67 65 7 7 48 47 
15 19 18 7 12 44 43 
16 31 34 8 0 26 28 
18 52 53 8 4 25 26 
0 57 57 8 5 24 25 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
a 
8 
9 
9 
9 
9 
9 
10 
10 
10 
10 
K 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
55 
45 
22 
21 
55 
38 
Fc 
44 
120 
56 
276 
49 
44 
109 
31 
39 
37 
123 
20 
66 
55 
20 
185 
137 
108 
49 
42 
31 
24 
46 
85 
90 
16 
30 
83 
119 
19 
57 
56 
32 
32 
40 
71 
122 
122 
43 
39 
59 
30 
26 
68 
23 
67 
60 
89 
78 
28 
25 
318 
5 10 49 50 
5 13 45 47 
5 14 43 47 
6 4 45 46 
6 5 38 40 
6 7 48 50 
6 8 33 35 
6 9 128 126 
6 10 38 41 
6 % 40 44 7 47 49 
7 5 24 23 
7 6 29 32 
7 7 31 34 
7 8 53 52 
7 9 87 88 
7 10 23 22 
7 11 37 36 
8 2 79 81 
8 4 29 32 
9 1 27 28 
9 2 77 77 
H > 10 
K L Fo Fc 
0 0 48 48 
0 2 72 70 
0 4 133 131 
0 6 46 46 
0 8 127 124 
0 10 133 131 
0 12 39 40 
0 16 54 54 
1 1 40 41 
1 2 98 96 
1 3 77 75 
1 4 45 44 
1 5 92 91 
1 6 21 26 
1 7 27 30 
1 8 67 66 
1 9 28 28 
1 10 20 17 
1 12 62 61 
1 15 68 69 
2 1 71 70 
2 2 76 76 
2 3 144 141 
2 4 22 25 
2 5 102 98 
2 6 41 44 
2 8 76 76 
2 10 34 34 
2 12 30 33 
2 13 49 49 
2 14 28 31 
2 15 105 104 
3 0 90 90 
3 3 64 63 
3 4 61 62 
3 6 31 33 
3 7 19 14 
3 8 43 43 
3 10 145 141 
3 11 44 43 
3 12 42 43 
3 13 26 28 
3 14 20 20 
4 1 35 37 
4 2 64 65 
4 3 118 116 
4 4 48 49 
4 5 23 24 
4 7 62 62 
4 8 91 90 
4 10 103 99 
4 12 32 36 
4 13 36 37 
4 14 36 37 
5 0 28 24 
5 1 62 61 
5 3 67 69 
5 5 59 58 
5 7 33 36 
5 9 27 32 
5 10 24 22 
6 0 72 73 
6 1 32 38 
6 2 41 41 
6 3 70 69 
6 4 68 69 
6 8 78 77 
6 10 92 90 
7 0 30 32 
7 1 26 27 
7 2 48 52 
7 4 25 24 
7 5 23 26 
7 6 23 25 
7 7 41 • 42 
7 8 68 70 
8 1 53 55 
8 3 55 60 
B • 11 
K L Fo Fc 
0 1 48 48 
0 3 50 49 
0 5 58 59 
0 9 77 74 
0 11 49 47 
1 1 19 21 
1 2 97 94 
1 3 21 22 
1 4 71 69 
1 5 29 33 
1 9 69 67 
1 11 26 29 
1 13 22 24 
1 14 29 32 
2 2 75 74 
2 4 47 47 
2 8 19 23 
2 9 21 18 
2 13 34 36 
3 1 21 21 
3 2 28 29 
3 3 58 59 
3 5 35 37 
3 7 59 58 
3 9 89 88 
3 11 58 59 
4 3 26 30 
4 4 36 39 
4 5 24 27 
4 6 19 17 
4 7 36 39 
4 9 75 74 
4 11 37 40 
5 1 20 22 
5 2 49 50 
5 3 23 18 
5 4 83 81 
5 10 28 27 
6 1 21 23 
6 2 36 38 
6 3 38 41 
6 4 49 51 
6 8 31 32 
7 2 34 35 
7 3 43 45 
H . 12 
K L Fo Fc 
0 0 244 241 
0 4 29 33 
0 8 29 29 
0 12 39 40 
1 0 55 55 
1 4 33 36 
1 5 23 24 
1 6 82 82 
1 7 21 25 
1 8 21 26 
1 12 25 23 
2 0 35 34 
2 2 29 32 
2 3 27 33 
2 4 37 39 
2 5 52 SO 
2 6 84 84 
2 7 87 85 
2 11 79 78 
3 0 49 48 
3 3 19 13 
3 4 21 24 
3 6 51 52 
3 7 41 43 
3 8 21 23 
4 1 44 43 
4 2 39 42 
4 4 51 51 
4 5 51 53 
4 6 57 58 
4 7 29 31 
5 0 21 26 
5 3 22 20 
5 5 46 46 
5 6 74 75 
6 0 96 99 
6 1 42 45 
6 2 23 27 
H - 13 
K L Fo Fc 
0 1 100 100 
0 5 53 53 
0 7 58 59 
1 1 39 40 
1 2 18 12 
1 3 25 26 
1 4 42 43 
1 6 56 54 
1 7 25 28 
1 8 43 45 
2 1 49 50 
2 4 51 53 
2 6 100 100 
2 8 52 51 
3 1 65 66 
3 3 27 29 
3 6 27 32 
4 1 81 82 
4 2 21 15 
4 4 25 30 
H > 14 
K L Fo Fc 
0 0 66 68 
0 2" 43 44 
1 0 63 65 
